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ABSTRACT

The MILSTOL (MILitary STOL) takeoff and landing digital computer program was
developed under USAF Contract F33615-71~C-1764, "STOL Tactical Afrcraft Investi-
gation, "' to compute takeoff and landing characteristics of powered-lft STOL aircraft,
I calculates a point mass takeoff and/or landing for a trimmed configuration with
either externally blown jet flaps, internally blown jet flaps, or mechanical flaps with
vectored thrust within the constrainis set forth in Reference 1, Contained in this

report are:
1, Discussion of assumptions and methods used in the trajectory calculations.
2, Definition of common list variables.
3, Definition of the input variables and sample input data for the externally
blown jet flap configuration.
4, Sample output for the externally blown flap configuration,
6. Program listings and flow charts,

The program {8 wr{i_a in Fortran IV for use on CDC 6000 series digital computers
suis requives 37 K central memory for loading and execution, The program is com-
patable willi both &e CDC RUN and FTN compiler systems.
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SECTION 1 ﬂ

INTRODUCTION B
The military STOI. takeoff and landing digital computer program (MILSTOL - Convair g
Aerospace Division, San Diego Coeration, scientific computer program P5592) was
developed to calculate the takeoff and landing performance of powered-1ift STOL afr-
craft, The performance calculations are made using exact two-degree-of-freedom
equatfons of motfon for a point mass aircraft (l.e., no pitch dynamics). The program o
was developed from the takeoff portion of the Aircraft Performance Analysis System, P
Reference 2, and uses data handling, equations of motion, and geuneral use subroutines
from that program. ' '

The takeoff porticn of the MILS1OL program performs a constant-weight "balanced"
takeoff from zero forward speed to liftoff and to stop, within the constraints shown in
Figure 1-1, for a matrix of gross weights and runway altitudes, Velocity cues for
engine fallure, rotation, and liftoff are factors times the minimum control speed and

the stall speed with power on and the critical engine fafled. ' ; 3
The landing phase of this piogram performe & "no-flare" style landing approach,
touchdown, and deceleration to stop for the input matrix of gross weights and runway o
altitudes, Velocity cues for approach and touchdown speeds are functions of the , -3
minimum control speed and power-on stall speed with the critical engine fafled, The .
landing trajectory is calcalated within the constraiuts shown In Figure 1-2. Aero- ' L
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dynamic and propulsion data is input in tabular form and is handled by individual
modularized subroutines. The atmospheric properties sul.routine is compatible with
he 1962 U. S. Standard Atmesphere and the MIL-STD-210A tomperature conditions,
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© SECTION 2
PROGRAM DISCUSSION

The subroutines in the MILSTOL program are classitied into five functional cate-
gories,

1. Executive Program .

2, Maasuver Driving Subroutines

3. Physical Data Subroutines

4, General Use Subroutines

s Dot vt i Tt

5. Data Handling Subroutines

PR

ot

s

Program flow and structure are shown in Figure 2-1; each program subroutine is
discussed by functional category in the following sections.

EXECUTIVE
PROGRAM
"MILSTOL"

y

MANEUVER
DRIVING ROUTINES
"TAKEOFF"
" LANDING"

1 1

DUMP OVERLAY
PROGRAM

e

I |

GENERAL USE
RCUTINES
CALQIMY
"GILL"

PHYSICAL DATA
ROUTINES
“AERO1"
"THSTI"
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"ATMOS" {
fGINTGY :
“HEAD" ‘
*NWRP2" DATA HANDLING :

"EMLTZ"
ngKIp
“TRIM"

SUBROUTINES
"AIJIN"| "FIN’I)"
"IN1. 2", "KABD"

%

"LAGRA"
" LOOK" , "SL”

Figure 2-1.

MILSTCL Functional Structure.
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2,1 EXECUTIVE PROGRAM (MILSTOL)

The Executive Program coutrols the reading of inputs, the initializing of weights,
altitudes, and temperature, and execution of the appropriate trajectory subroutine
for the given weight and altitude matrix, In addition, a Dump Overlay program is
included in the MILSTOL procedure., This Dump Overlay program is executed only
in the event of a fatal error, At the time of the abnormal termination, the Dump
Overlay program is loaded from a !»cal file and prints a listing of all common list
variables in Namelist format.

2.2 MANEUVER DRIVING SUBROUTINES

Two maneuver subroutines, TAKEOFF and LANDING, are incorporated in the
MILSTOL program.

2,2.1 TAKEQFF T% 7 TORY SUBROUTINE (TAKEOFF) — The TAKEOFF sub-
routine is the driver for all portions of the takeoff maneuver, Ground rules and
constraints for this maneuver are shown in Figure 1~1. This subroutine reads tra-
jectory-related variables (e.g., rolling and braking coefficients of friction, time de-
lays, minimum control speeds, etc.) executes the takeoff calculation procedure, ad-
justs the engine failure speed to balance the continued and aborted takeoffs, and causes
the takeoff time history to be output.

Because of the balanced-type takeoff specified by the ground rules and to ensure
efficient program operation, the takeoff is not calculated as a continuous function of
time., Instead, the program is divided into segments. The sequence of calculations
is:

1, Stall speed with power on and the critical engine failed is calculated, Liftoff
speed is set using the air minimum control speed and stall speed. The initial
value of engine failure speed is set equal to ground minimum control speed.

2, Angle of attack for liffoff is calculated with the critical engine failed, If the
ground confact angle (the angle for the tail striking the ground during rotation)
is exceeded, liftoff speed is increased by one percent of the air minimum
control speed or power-on stall speed. At this point, the pertinent aircraft
conditions are output. When the conditions for liftoff are established, maxi-
mum rate of climb at the 1iffoff speed is calculated and output.

3. The first segment of the takeoff is calculated with the critical engine failed

by integrating time and tangent’al acoeleration, along with the input rotation
rate in a negative sense from liftoff speed to rotation speed to obtain velocity,

2-2




distance, and aircraft attitude. The integration is terminated when the air-
craft pitch attitude is zero, and a check is made to ensure thaf the rotation
velocity is greaier than the selected engine failure speed and the ground mini-
mum conirol speed. If this criterion is not satisfied, the liftoff speed is
increased using an empirical relationship, The program then returns to

Step 2 ana continues until the rotation velocily criterion is satistied.

4, X rofation velocity is greater than engine failurve speed, time and tangential
acceleration are inteprated, in a negative sense {rom the votaiion
velocity to the engine failure speed, with the critical engine failed to obtain
velocity and distance, This distance is the second takeoff segment and, when
added to the first segment from Step 3, is the "contimied takeoff" distance
uged in ¢the field-balancing relationship,

5. The distance for the "aborted takeoff' used in balancing the field length is
calculated by Integrating, in a positive seaze, the time and taagential ac-
celeration variables from engine failure speed to stop for velocity and dis-
tance with the critical engine failed, During the integration, engines are
set to idle after the reaction time and the deceleration devices (brakes, lift
dumpers, and reverse thrust) are deployed at the exd of an actuation time
interval,

6. The "'continued takeoff" distance, Steps 3 and 4, and the "aboxrted {akeoff"
disiance are then used in a linear convergence procedure o adjust the engine
failure speed so that these distanoes are equal. Affer the new engine-failure
speed is selected, the program returns {o Step 2 and calculates new "continued"
and "sborted" takeoff distances., If the "aborted takeoff' distance is greater
than or equal to the "confinued takeoff'' distance and the engine failure speed
is equal to the ground minimum control speed, the takeoff is by definition
balanced and the program continues,

7. After the preceding steps have balanced the takeoff distance, time and
tangential acceleration are integrated from start to the engine
failure speed (with all engines operating) for velocity and distance, Sum-
mations of the distances from Steps 3 and 4 with this distance and the
distance from Step 5 comprises the balanced takeoff distance for this con-
figuration.

2.2.2 LANDING TRAJECTORY SUBROUTINE (LANDING} — The LANDING sub-
routine is the driver for all portions of the landing maneuver., Ground rules and
constraints for the landing trajactory are shown in Figures 1-2. his subroutine reads
trajectory-related inputs, exeoutes the landing calculation procedure, and outputs a
landing trajectory time history for the input configuration.

2-3
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Tue sequence of calculations is:

1. Stoll speed with power on and the oritical engine failed is calculated. The
approach speed that conforms fo the ground rules of Figure 1-2 is set using
the air minimum confrol speed and the power-on stall speed.

2. Angle of attack at touchdown is calculated with all engines operating, If the
pitch attitude exceeds the ground contact angle, the approach speed is in-
creased by one percent of the pewer-on stall speed, If the rate of sink at
touchdown sxceeds the input maximum, the glideslope angle is reduced so
that the rate of sink limit is met. If the configuration attitude is such that the
nosewheel hits first, the program prints an error message and returns
control to th~ executive routine, When all touchdown eriteria are satisfied,
the prugram outputs the conditions af touchdown and calculates the maximum
rate of climb avaiiable at touchdown speed with the critical engine failed.

J. Thr prugram then calcuiates angle of attack at the okstacle (with all engines
operating). This calculation is p2rformed at the approach speed calculated
in Step 2, Aircraft conditions at the obstacle are output along with the maxi-
mum rafe of clirb available with the critical engine failed, This calculation
is made at the obstacle to account for ground effects.

4, Landing air distance is calculatea by performing a one-step integration using
the velocities from Steps 2 and 3.

5, After touchdown, the program perfecrms a step-wise integration from touch-
down to stop to calculate grourd distence., During this integration, engines
are set to idle power, aircraft astitude is rotated down to zero, and deceleration
devices (brakes, lift dumpers, and reverse thrust) are de¢ployed, after allow-
ing for actuation time delay.

6. Total landing distance is the summation of distances from Steps 4 and 5,

2,3 PHYSICAL DATA SUBROUTINES

ATMOS, AEROI, and THSTI are the three physical data subroutines in the MILSTOL
program, These subroutines read inputs and store, retrieve, «nd calculate the
atmospheric, aerodynamic, and propulsion characterist.cs required to solve the
equations of motion.

2,3.1 ATMOSPHERIC PROPERTIES SUBROUTINE (ATMOS) — The ATMOS sub-
routine supplies the program with ambient temperature, pressure, density ratio,

B RES
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and speed of sound as a function of altitude and type of day or an input temperature,
The temperature/type of day options available are:

1, U.S, Standard Atmosphere, 1962.

A A SR D R TR T
SRR JRER XM DA L T L RIS

T AV N I S T T i g

2. MIL-8TD-210A Tropic Day.
3. MIL-8TD-210A Polar Day.
4, MIL-STD-210A Hot Day.

5, MIL~-STD-210A Cold Day-
6. An input temperature in °I".

These options all use the standard day pressure altitude relationship in the cal-
culation procedure. Options 1 through § use the appropriate temperatures from
References 3 and 4.

2,3,2 AERODYNAMIC DATA SUBROUTINE (AERO1) — This subroutine was develop-
ed to store and retrieve trimmed aerodynamic data for configurations with externally
blown jet flaps, internally blown jet flaps, and mechanical flaps with vectored thrust,
Conventional configurations without thrust augmented lift can be used by either modify-
ing the table lookup procedure or by entering the power-off data for four dummy thrust
coefficients and using the mechanical flap plus vectored thrust option.

AERO1 has two entries: AERO1, which retrieves maximum lift characteristios as a
function of flap deflection and momentum coeffiocient, and AERO2, which retrieves
1ift and drag data as a function of flap deflection, angle of attack, and momentum
coefficient, The inputs to this subroutine are geometric data, configuration type,
and aerodynamic data tables,

Because of the differences in methods for estimating aerodynamic data for ecach of
the three configurations, there is a unique method of storing and retrieving the data
for each of the three, The externally blown jet flap data includes all direot and in-
direct thrust effects. The internally blown jet flap data includes all thrust effects
due to trailing edge slot blowing but none of the thrust effects due to the oruise
engines, The mechanical flap plus vectored thrust sequenoe assumes that the aero-
dynamic data includes all indirect thrust effects inoluding any supercirculation
effects, Lut none of the direct thrust vector effects.

All additional items that degrade the aerodynamio data (e.g., lift dumpers,

2-5
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engine out corrections, etc.) are cued from the trajectory subroutines and are
included in the final lift and drag values before returning to the calling subroutine,

Retrieval and calculation of the aerodynamic characteristics with the eritical engine
failed are handled in the same manner for all configurations. In this calculation
scheme, it is assumed that the input aerodynamic data tables are valid for either
the all-engines-operating or the one-engine-failed condition if a later correction

is made to compensate for engine-out moments. The correction for trimming of
engine-out moments are input increments to lift and drag. Configuration design
and aerodynamic conditions that allow this assumption are:

1. All internally blown jet flap configurations are assumed fo have cross-ducting
so that the spanwise distribution of blowing is always symmetric,

2. Engine~out degradation in the mechanical flap plus vectored thrust con-
figurations is due to the loss of the thrust vector component, not loss of
aerodynamic 1ift,

3. For configurations with externally blown jet flaps, the aerodynamic charac-
teristics are a function of total thrust coefficient. Analysis of the data in
Reference 5 shows that aerodynamic lift and drag characteristics are the
same for a given total thrust coefficient, whether or not an engine is failed,
if the moments due to the engine failure are not trimmed, The lift and drag
increments due to trimming the engine-out rolling axd yawing moments are
incorporated as stated above,

2.3.3 PROPULSION CHARACTERISTICS SUBROUTINE (THST1) — The THST! sub-~
routine is used for storing and retrieving single-altitude propulsion characteristios
for all three powered lift configurations. Inputs to this routine are in the form of
single~altitude maximum gross thrust, ram drag at maximum thrust, idle gross
thrust, maximum veverse thrust, windmilling drag of a single engine, and maximum
gross thrust at the slot exit for intevnally blown jet flap configurations as a function
of valocity. Procedures have been incorporated so that reverse thrust is always
symmetric in the engine-out case.

2.4 GENERAL USE SUBROUTINES

There are eight general use subroutines in the MILSTOL program, These are
general purpose subroutines extracted from Referenoe 2 and have applications outside
of the MILSTOL program. Thesc subroutines perform integrations, print page
beadings, handle equations of motion, and provide the logic for convergence pro-
cedures, Each of these subroutines is desoribed in alphabetical oxdor in the follow-
ing paragraphs,

2-6
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2.4,1 AEQFM - To maintain consistency between different programs and cal-
culations, all equation-of-motion calculations are performed using the AEQFM
subroutine, Figure 2-2 shows the axis systems, foroes, and angles used in the two-
degree-af-freedom calculations, Equations 1 and 2 are balanced for the appropriate
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o> w i ;
.: Xy 7,) - EARTH AXIS SYSTEM ?
3 T, © GROSS THRUYT :
V o+ AIRCRAFT VELOCHY .
a, © TANGENTIAL ACCELERATION
i, y r FLIGHT PATH AJGLE
¥ D DRAG
# bR RAM DRAG
e L LT
? @ - ANGLE-OF-AT™ACK
E; OT" ANGLE BETWEEN T“ AND V
? w WEIGHT
i " NORMAL ACCELERNTION
ma \.\'(it T wn(a_m) - (DM - Weinyy (b
ma e w 40"4 g -7 'Mn (cng) s L-Wews (-3 (1]
WHE it
(E' sy " (i“ - uh"g + 1., (.
K¢ AL ITMMY, m=W'g
Figure 2-2, Foroe and Angle System Used In the MILSTOL Program.
flight condition. When acceleration or deceleration on tho ground is required, an #
additional term is added to Equation 1 to account for the ground friction force. All
acoolerations in Equations 1 and 2 are converged simultaneously using the TRIM and
SMLT2 subroutines.
2.4,2 QILL — This ig an integrating subroutine that uses the method developed by

8. Gill (Referenoe 6), to provide fourth-order accuracy while requiring 2 mindimum
number of storage registers, The subroutine requires four passes to acconplish
tho tntogrusing step:

Poes One, Take deﬁvnﬁvcaatﬂwatattofthe intorval and predict conditions
ai the middleo!the interval,

Pags Two, Take derivatives based ou predicted conditions at the mid-interval
and combine with derivatives from first pass to predict conditions at the mid-

interval.
2-7
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Pass Three, Take derivatives based on latest estimate of mid-interval

conditions and combine with derivatives from first two passes to predict end-of-
interval conditions,

Pass Four, Take derivatives based on en ~f-interval conditions and combine

with derivatives from other passes to calculaic sonditions at the end of the
interval.

This process is repeated y'or each integration step, The calling subroutine, GINTG,
keeps track of the number of passes and checks for terminations after four passes.

2.4.3 GINTG — This subroutine is the driver for trajectory integrations. It calls
the equations-of-motion subroutine (AEQFM) for accelerations, then the GILL sub-
routine to integrate for velocities, distances, and aircraft attitude.

2,4.4 HEAD SUBROUTINE - This subroutine is used for printing columnar headings

- in the time history printout.

2.4.5 NWRP2 — This is a Newton-Wrapson iteration subroutine which determines the

value of x that will return y equal to zero based on a linear prediction using two
previously calculated points.

2.4,6 SKIP — This is an output formatting subroutine that starts a new page, prints
a standard page heading, and restarts the line count.

2.4.7 SMLT2 — This subroutine pel'fohns a simultaneous equation solution, using
derivatives from subroutine TRIM, to obtain increments to the independent variables
that will result in the desired accelexrations for subroutine AEQFM,

2.4.8 TRIM — This subroutine controls tho systematic perturbation of independont

variables and stores the variation of each acccleration with respect to each variable
as a derivative, -

2.5 DATA HANDLING SUBROUTINES

The MILSTOL program usoea five subroutines and two functions whose sole parpose
15 data handling., These routines fit cuxves to data, evaluate curve fits, and per-
form table look-upe. These routines and {unctions are disoussed in alphabetical

“order in the following paragraphs,

2.5.1 ALIN -~ This function makes a linoar fit between two (x,y) points.

2.5.2 FIND - This subroutine pexforns a one-diimensional lnear internolation
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within a data table, For arguments greater than or less than the table, a linear
extrapolation 18 performed,

2,5.3 INTP2 — Subroutine INTP2 fits a third-order polynomial through four (x,y)
points, returns the coefficients, and returns a y-answer for an x-argument,

2.5.4 KABD - The subroutine evaluates a hyperbolic fit by returning a y-answer

for an x-argument of the equation y = K/(x-A) + B + D x, where coefficlents, K, A, ?
B, and D are provided in the calling list. :

2,5.5 LAGRA — Subroutine LAGRA returns a y-answer for an x-argument using
a Lagrangian interpolation on four (x,y) points.

2.5.6 LOOK ~ Originally written to handle three~dimensional tabulated thrust and
fuel flow data, this subroutine has been developed into a more general form that can
handle any three-dimensional tabular data, The LOOK subroutine performs the table
lookup using a non-linear technique the basis of which 1s the LAGRA subroutine, R
has four options for locating data and it can also return derivatives with respect to

three independent variables using a four-point interpolation of each indcpendent vari-
able,

BPPORIOETAE GO Yo o s Zas-L MY A =TV S R

2.5.7 SL — The SL function calculates the linear slope between two (x,y) points.
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SECTION 3

COMMON LIST VARIABLES

This section contains three tables that provide the user with a key to the definition
and usage of the labeled common blocks incorporated in the MILSTOL program,
Table 3-1 desoribes each labeied common block, The blocks have been constructed
by function to aid tbe user in future modifications or upgrading.

Table 3-1, Description of Labeled Common Blocks.

SR LTSRN e N 5

LIST 1 Contains variables used for input and output units, carriage control,
and page headings.

R R s

LIST 2 Contains variables describing forces, velocities, altitudes, and weights,
LIST 3 Coutains coefficients, angles, and aerodynamicaily significani geometry.
LIST 4 Contains variables used for transmitting propulsion characteristics,

LIST § Contains variables used for atmosphberic properties,

e eI Y T
B . Lt O

LIST 6 Contains physical constants and convorsion foctors,

LIST 8 Used for transmitting data from tho LOOK subroutine, ;
LIST 15  Contains integration vaviables and controls,
LGEOM - Contaius afrexaft goomotry and angles,
CONTROL Cottrol flags used durf; ¢ takecffs and fandings.

LIST 89  Erzvor inlex flag.

[
\J
o i @ RS DR . '.'-".'.'=’»,»l'},'ufr"'?ifu':'; Sl gl Tt e o e L e e D
B AN & & T e b Y e R e S R R U A A - o




W ST ST IRt s s

Table 3-2, Subroutines in Which Labeled Common Blocks Are Used.
CommonListNam?
[
EEEEHEEEEG G E ;

MILSTOL X X ¥ X X X X X X X X X

(Main Program)
MILSTOL X X X X X X X X X X X X ,
(Dump Program)
AEQFM X X ¥ X X X X X X
AERO1 X X X X X X X X X X X X
ATMOS X X X ,
FIND X
GINTG X X X X X X X X X
HEAD X
EABD X ,
LANDING X X X X X X X X X X X
LOOK | X
SKip ' X X X X
TAKEOFF X X X X X X X ¥ X X
THSTI X X ¥ X X X X X

3-2
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Table 3-3. Defin{tion of Common Block Varigbles. (Contd)
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SECTION 4

INPUT VARIABLEE AND SAMPLE CASE

4,1 INPUT VARIABLES

Input data for the MILSTOL program is read by the executive routine, the trajectory ;
subroutines, the physical data subroutines, and by the page heading subroutine (SKIiP).
Exoept for the page heading subroutine, all inputs are in namelist format, The

SKIP subroutine reads two 80~-character title cards and prints them at the .op of :
each oufput page. The majority of the variables inf - TAKEOFF and LANDING sub- g
roulines are input via a data statement and correspond to the ground rules specified
in Figures 1-1 ind 1-2, If these values are to be changed, the data statement may

be overridden by inputting the appropriate variable in the namelist.

Tables 4-1 through 4-6 descrtbe all MILSTOL faput variables, The namelist MAIN is
read by the executive voutine MILSTOL, and its variables are described {n Table 4-1,
Table 4-2 is the desoription of the title caxds for the SKIP subroutine. laputs for the
maneuver deiving subroutines, TAKEOFF and LANDING, are coatained in the name-
lists TAKEO¥1 and LANDIL, Tables 4-8 and 4-4 respectivaly. AERT1 and THT! are
the namelists for the aercdynamic and propulsion data subroutines and ave described
in Tables £-5 axi {-~6.

4.2 SAMPLE CASE

The sample ingut duta prosested in Table 4-7 8 a representative externally blown
flap configuration with an aspeet rutio of 8 and a quarter chord sweep angle of
25 degrees.  The aerodynamic and propulsion data is coansistont with that used in
Referonce 7 for the conllpurstion definition studies. The input Sata of Table -7 is
sed up to ealeulatse the "halanved” takeeff d. Lance for & 135,000-pound afreraft at
2 yusuze altiteds of 2 500 food an a MIL-STD-210A hal day.  After completion of
the fakeolf calculation, the progrom will yead another ol of inpuls and caleaiate

z landing at the same runway aod woight conditions. The resuiting takeoff cal-
culatton outpet for this swnple case is skown tn Tdble $-5; the lzading ealoviation
oulpud is shown ia Table §-9,

§-1
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Table 4-1. Definition of MILSTOL Input Variables.

DEPINITION OF VARIADLES IN NANELIST SMA{W® :
MuTs  THE WUMBER G WEIGHTS IN THE WEIGHT HATRIX :
WTLe  THE LIST OF WEIGHTS (LES,) ’
MFs  THE NUMBER OF ALTITUDES IN THE ALTITUDE MATRIX :
MPLe  THE LIST OF RUNWAY ALTITUDES (FT,.)

VWKe  THE HEADWINOG COMPONENT (KEAS)

JATM 13 TWE INDEX FOR SELECTING ATMOSPHERIC PROPERTIES

§ATMS 0 STANDARD DAY TEMPERATURES (COMPATIBLE WITH US BTANDAND
AND 1CA0 TEMPERATARES)

3} MIL~STD-Z10A TROPIC TEMOERATURES

® 2 MIL-STD~2104 POLAR TEMPZRATURES

® 3 AIL-STD-210A HOT TEMPERATURES
.a

L 3

R S EOR S L AR S R

o

R

MIL-STO=R210A COLD TEMPERATURES
8 TEMPERATURE 1S SPECIFIED AS ¢TEXFS (D86 F)
15 THE SEQUENCE FOR DATA INPUY
INSEQe 2 SUBROUTINE SKIP = THO TITLE CARDS
3 SUBROUTINE AERG] = NAMELIST AERTS °
e 4 SUBROUTINE THST] ~ NAMELIST THY)
e % SUBROUTINE TAKEOFF = NAMELIST TAKEQF]
L
s 7

o
b
t

SURRDUT INE LANDING = NAMEL1ST LANDL
TFRAMINATES READING INPUTS AND BEGINS EXECUTION ¥
v 8 2T0P ~ END OF JOB bt
EXSED IS THE EXFCUTION SEQUENCE (THE NUMBERING 3EQUENCE (S THE
SAME AR INSEG)
EXAMPLES ~ [NSEQ=2:5:3:4+7¢ CAUSES INPUTS . BE READ @Y
SUSROUT INES SKIPTAKEOFF ¢AEROL+THSET] IN ORDER AND THEN .
ERECUTE ThE 308 é
EXSEQeS 8¢ EXECUTES SUBROUTINE TAKEGPE AND THEN CALLS : :
avop :

BOoOAOOACHNANDNADDIOOOANNINONONAN
-
-
[+

Table 4-2, Definition of SKIP Title Cards.

TME [NPUY CONSISTS OF TWO ALPHANUMERIC TITLE CARDS

CARQ | « COLUMNS B THROUGH 23 ARE RESERVED FOR ENGINE
IOENTYIFICATION
COLUMNS 21 THROUGH 80 ARE PRINTED AS A TITLE LINE

CARD 2 «~ COLUMNS | THROUGH 80 ARE PRINTED AS A SECOND
TITLE LINE

OOOOOO

Table 4-3, Definition of TAKEOFF Input Variables.

DFFINITION OF VARIABLES IN NAMELIST ¢ VAKEOM]

VES & IATIO OF LIFTOFF APEED YO AIR MINIMUM CONTROL SPERD

DOLO= I NCREMENTAL LOAD FACTOR REQUIRED AY LIFTSFP

OFLPeFLAP SEYYING IN DEGREES

RCOEF & MOLLING COEFFICIENT OF PRICYION,

BCOEY o COUPFICIENT OF URAKING FRICTION

VMCGK® MINIMUM CONTROL SPEED ON THE GROUND (KNOTS}

YMCAK & MINIMUM CONYROL SPEED IN THE AIR (KNOTS)

RFOTATN  AOTATION RATE (DEGREES PER SECOND)

TINF w REACTION TIMR FOR ENGINE FAILURE (BEC)H

TIOR » BRANING DELAY AFTER ¢TINRY (SEC)

horet EGJAL TO ZERO SUPAESSES PRINTING OUTPUTY FOR
SEGMENTS 448 AND 8.

THE FOLLOWING VALUES ARE ENTERED AT TIME OF LOADING ANO ARE USED 5
UNTIL OVERRIDEN BY READING THE APPROPRIATE VARIADLES M TARKZIOF)

V8Ll 08

00L0s0,10

oFL.pesa,

RCOEF=0,10

BCOEFe 0,30

TIMRsy,0

TivMas=2,0

ROYAYN®S,0

ROYPTel,e

A ONONAOD DONOAHODNOOHHOHD




Table 4-4, Definition of LANDING Input Variables.

OFFINITION OF VARIABLES (N NAMELIST 1LANDL® 3
OFLPe  FLAP SETTING (DEG) :
HFOMe  OBSTACLE HEIGHT (FT) K
ROTATNS  ROTATION RATE (DEG/AEC) :
VMCGKe  WINIMUM CONTROL SPEFD ON THE GROUND (KTS) :
VECACs  MINIMUM CONTROL SPEED IN THE AIR (KTS) . :
TRRXe  TIME DFLAY AFTER TOUCHOOWN FOR BRAKE APALICATION (S£C)
Tans TIWZ DELAY AFTER TOUCHOOWN FOR SPOILER DEPLOYMENY (SEC)
TAFVe  TIME DELAY AFTER TOUCHDOWN FOR THRUST REVERSAL {$ZC)
APRY RATIO OF ZPPROACH SPEED TO MINIMUK CONTROL $PEED
DG The TNCREMENTAL 1.0AQC FACTOR AVAILABLE AT THE OOSTACLE
0670 TMCREMENTAL LOAD FACTOR AVAILABLE AT TOUCHDOWH
RCOEF» ROLLING COEFFICIENT OF FRICTION
BTOErFs BRAKING COEFFICIENT OF FRICTION
GaMMA e INITEAL FLIGHT PATH ANGLE (DEG) iNEGATIVE 18 OESCENDING)
Rle MAXIMUM RATE OF SINK AT TOUCHOOWN (FT/SECE

(POSITIVE IS DESCENDING)
2GTAYs  EQUAL TO ZERO SUPRESSES PRINTING OF THE ENTIRE TIME HISTURY

THE FOLLOWING VARIABLES ARE ENTERED AT YIME OF LOADING AND ARE USED

UNTIL OVERRIDDEN BY READING THE APPROPRIATE VARLIABLES IN LANDI
OFLP 3 40,0 &
HFOB w» 30,0
ROTATN = 8,0 (
TORK = 2,0 i
TSP = 2,0 N
TREY = 2,0
APR = 1,10
OGTH = 0,30
OGTD » 0,18
RCOEF » 0,10
GCOEF s 0430
GAMMA 3 =T,30
RS & 1040
ROTPT & .0

DNAOODBDANANONNRONOD ODOOHOONAANNAODHNNHNNAODN

Table 4-5, Definition of AERO1 Input Variables.

OFFINITION OF VARIABLES IN NANELISY SAEZRT)¢
S = WING REFERENCE AREA,
v s YING SPAN
Cants HEIGHTY OF TIHE QUARYTER CHORD ABOVE THE GROUND (FY)
GALMX» ANGLE OF ATTACK FOR GROUND CONTACT (DEG)
ALPHX & MAXINUM ALLOWABLE ANGLE OF ATTACK « USUALLY A CL LiINMIY
{DEG)
ACLMD w STALL AMGLE OF ATTACK {DEGC)
FEP & FQUIVALENT FLAT PLATE AREA OF ADDITIONAL DRAG ITEMS (SO rYy
WINCO » WING INCIODENCT(DEG)
OCLSP & INCREMENTAL LIFY COEFFICIENT DR TO LIFY DUMPERS
OCDSP » INCREMENTAL ORAG COEFFICIENT GUE TO LIFT DUNPERS
€ODCL » INCREMENTAL LIFT COEFFICIENT GUE TO ENG OUT CONTROLS
FOOCD & INCREMENTAL GCRAG COEFFICIENT OUE TO ENG OUT CONTROLS
NXJNYeNZ ARE THE NUMDER OF XC4YC4ZC
XC & THE LIST OF ANGLES OF ATTACK (0D€G)
YC o THE LIST OF THRUST COEFFICIENTS
TC = THE LISY OF FLAP DEFLECYIONS (DEG)
CLA & LIFYT COEFFICIENT AS A FUNCTION OF (ALPHA(CTFLAP DEFLECTION)
COA ® GRAG COEFFICIENT AS A FUNCTION OF (ALPHAVCT.FLAP DEFLECTION)
JFIG & ) FOR MECHANICAL FLAFS ALUS VECYORED THRUST
2 FOR EXTERNALLY BLOWN FLAPS
J FOR INTERNALLY BLOWN PLAPS

OANDADIOOONNAHOCONADONOAANING
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Table 4-6, Definition of THST1 Input Variables.

OEFINITION OF VARTABLES IN NAMELISY ¢TNTL¢
M= NUMBER OF Xov BOINTS IN CEALM TABLE
Ve THE VELOCITY TABLEZ FOR THE PROPULSION TABLES IN XTAS
(USED AS THE LHDEPENOENT VARIABLE IN ALL TABLES)
THRY=GRORS THAUST TABLE AT MAX PONER (IN LBSe}
MORG-RAN DRAC TABLE AT MAX SOWER (IN LBS,)
TIOL-GROSS THAUSY TABLE AT IOLE POWER (IN LBS.)
TILT-GROSE THRUSY AT Tht 3LOT EXIT (I8F CONFIGE) AT MAX POWER (LBS)
TAry=-MAX REVERSE THRUST (EXPRESSED AS A NEGATIVE VALUR = IN LDSe}
ONME~YINDMILL ING DRAG FOR A OZAD ENGINE (IN LUS,)

THID=THRUST VECTOR INCIDENCE REF, TO A WATER LINE IN DEG,
ENGNO~THE NUMBL:: OF ENGINES
SCALE~SCALING FACTOR FOR THE PROPULSION DATA
NFNGs0  NO REVERSE THAUSY
®l ALL ENGINES REVERSING
#2 ENGINE OUT REVERSING PROCEOURE

THE FOLLOWING VARIABLES ARE ENTERED AT TINE OF LOADING AND ARE U3ED
UNTIL OVERRIODEN BV READING THE APPROPRIATE VARIAGLES [N TNT)
ENGNO s 440
SCALE & 1,0
HENG = |

OO0 OB NADBDHONO

Table 4-7, Sample Input Data.

SMAIN METele WTLEIIS000,e NHFSLy MFLE28004¢ [ATHEI: VEKSQsy
INSEQNL24B43¢447¢ EXSEQeS Ty ¢
SE 13-F2B ENGINE SAMPLE CASE
FOR AN EXYERNALLY BLOWN FLAP CONFIGURATION
STAKEOFS VSCe] 08, OFLPu28,¢ RCOEFe0els BCOEFu0,3¢ VMCGKSSBes VNCAKRBS, ¢
ROTYAYN=8,s TINR=],¢ TIMB=2,y DGLOSO0s1¢ ROYPYeDes @
SAERT! Seif30.¢ ALPMXS20¢s GALMX820,¢ ACLMD®ETes JFIGe2s OCLSPO=Re00
OCOSPE0428, FODCL"~0e48¢ EDOCDE0,064
Nisjoo, HYVBlgs Rri e
XCO =4000008008001200360020;50244428443200¢
Y¥Ce 04001s043,048,0¢
28m 0404¢30,0¢80,0480,0,

CLA=
0428, 0404 0235, 04674 (-3, 1}
130, L1462, 194, 2428, 20304
0038, 04014 O30, Co T4, Teldy
1 73100 1910 2,30, 24704 3104
w078y =028, 0633 Qo8& 1390
193¢ E I 2,990 JeB2e 44000
1200y «0438s Oedls 0496 10830
el 2498, Jebby 43 44900
0.8, 1e19e 14810 1483 2e19,
2482, 24820 3,09, 3.48s 4000
0498, o048, 1696, 2449y 2401
483 4,08, 4,48, 846984 430,
130, 198 2460 3439 402
L¥% ¢ 1 L% 6,07 [ 124X TelOs
1430, 2030 Jetay .93 4573
Be83s 6,28, Tells 787 0+80¢
163%, 1465, 10960 2e2B 2489
2490, 3,21 3,90, 30320 34004
2490, 2490 37 3810 Ae29
4076, 8418 BedS, B5.260 84000
3680, Q.43 L7 = I Be66:¢ Se28,
[.: Ve300 Te684 7904 8400,
4480, Bed8, 34120 6480 Toal
[ 3R 1 8487 Qells Bsa2e L-7%3-1:11
138, 168, 1496+ 2,208, 2459
2490, .21 3480 3¢23¢ 3,00,
230, 2910 3437, J.814 4294
44764 Bel8, SeA8, Be26 84004
3,080, 44,43, 8,03, 8,648, Be284
€e8) TeI0 Te0S8, 790 84C0¢
480, B,AB, Be12, .80, kLn
8s1d0 8,87, Feile [ 1Y VB0
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COA =
0415,
Oe20,

«04904
~0,78,
«2490,
20730
4,490,
-l 068,
[-FY2 XY
Qea7,
=Ced23
008,
2,02,
-] 028
«Je02:
-2e22¢
0435,
0463,
Ceda,
1408,
«0,40,
1e044
«0o80,
1401
04354
0e83,
(X% LY
108,
*0e80y
TeOA,
«0.804
$¢G1o

Table 4"70
Os 19 [ 7381
0,224 0a26,
=0,90 «0,88,
«0e73s =067
~2490 -248%,
=66, -2 ef%
=i o904 =4 ,8%,
-l o585y P PY 1
0e210 0424,
0458 IR 4 ¥
=0e42s 'OQ“I
00320 055‘0
=202y 1098,
"0.930 '005‘ ’
=302 ~2096,
LY.L 1Y ) oEAy
Ced8s 0039,
0760 0.4,
0e344 0,46,
1237 1066,
«0e304 =0,08,
1e47e 1.8C,
«0470 =0,38¢
feAB, 1488,
0,38, 0439,
0e76s 0,94,
Oed4y Oodd,
10370 15660
«0e304 =04+08,
147 1,80,
®0sT04 =048,
1648, 1488,

STNT] THIDwO0s¢ ENGNOmG ¢ SCALE=] 4

Neilo

T3 {1
CedIe
000350
=0,58
24630
=241
8,83
-4,239
0304
0eBl e
*0e200,
0.8
=1,80¢
Celt e
~Re81¢
0,384
[Pyt
8018
0eb24
1485
0260
24130
00024
24200
0,48
1e15s
04624
188,
04264
2ol
Oe02s
2200

Sample Input Data.

Qel9s
0oty
D820
©04ads
~2¢794
2510
-de 7T
*3s904
0edB,
0s650
«0el2y
0:59,
20300
+40y
wPeBTe
04100
[-7%-+ 1
0+638+
04830
Lel23
063
202%9
Tet9y
20300
0e33
Qo655
0483
125
Ce6dy
24254
0ua9y
2s300

T A LIRS e, R VARSI TR

(Contd)

VKE805012060440500804018040¢10040452040¢1800416040458040¢200404
THETe 1 6480401600044 16738,416893,41709843)174000017707¢418089+¢183780¢0
1877364190269,
ROFGS 0es0s6934¢13860020800¢27TI003088414158040490142564094¢0412¢0T72800+¢
TIOLRA90,. 4370002604 015%000508=304¢2125¢¢=210¢ 02984123704 =4504s
VREYE0204+30000 ¢~800060=741009=71904 4269704467004 163800464000 ¢=62100¢ ¢

«60804 ¢

]
SMAIN INSEQuS 374 EXSEQuE 8, @
SLANDS DFLPeBUL s MFORES0es ROTATN2B. s TBRKEZ24) TSPu2es TREVEZ,s APRel .1
DGTHEO3y DGTDR0,18¢ RCOEFa041e BCOEF80,3¢ GAMMAS=T,8 REs§244

ROTPTul. o4

SAERT] AL™MX®18,¢ GALMXE20,4¢ ACLMO®244s 8
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APPENDIX 1

FROGRAM AND SUBROUTINE SOURCE LISTINGS

The following scurce listings are contained in this appendix.

Title
MILSTOL
MILSTOL
AEQFM
AERO1
ALIN
ATMOS
FIND
GILL

Description
Main Program
Overlay Dump Program
Equations of Motion Subroutine
Aerodynamic Data Subroutine
Linear Equation Function
Atmospheric Properties Subrcutine
1-Dimensional Table Lookap Subroutine
Integration Subroutine
Integration Driver Subroutine
Page ileading Subroutine
Curve Fitting Subroutine
Hyperbolic Curve Fit Solution Subroutine
Lagranian Interpolation Subroutine
Landing Trajectory Driver Suhroutine
3-Dimensional Table Lookup Subroutino
Newion-Wrapson Reration Subroutine
Page Eject Subroutine
Licear Slope Funotion
Slmullaneous BEquation Solutica Subrovtine
Takeolf Trajectory Driver Sibroutine
Propulston Data Subroutine
Afreraft Trimming Subrostine

A~1

I-1

i-3

I-4

I-7

I-9

I-10
I-12
I-13
I-14
I-15
I-16
I-16
I-16
I-17
=26
1-25
i-30
I-31
-32
i-33
I-41
i-43

: [ S SO
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3 2

PROGRAM MILSTOL( INPUT sOUTPUT « TAPESS INPUT ¢ TAREGSOUTPUT) -

c COC 8400 SHORT TAKEOFF AND LANDING COMPUTER PROGRAM USING MILITARY ; »é

¢ GROUND RULES E I

, c THIS PROGRAM REGUIRES INPUTS 303

e c THIS PROGRAM CALLS THE FOLLOWING ENTRIES z 4

o c SK 1Py TAKEOFF ¢LAND NG AEROL ¢ THST} LI

§ INTZGER CARDPRINT ¢PAGE JEXSEQ s %

4 OFAL LIFToMACHINUIKTOF sN¥TOF oo

5 DIMENSTON EXSFEO(2) ¢ INSEQI3)+WTL(10) oHFL (10} E

- COMMON /L1IST) /LINE ¢PAGE oL IMIT+CARD JPRINT ¢ INP 5 IPUNCH ¢ IDATE «HD(60) 2

& COMMON /L 1ST2/7DELTD1ALFAR s THRTL ¢ GAMRHIND osVTF s WT o HF DT e TIMS o XF o E

# FUEL ¢MACK ¢ VWF oL IFT4DRAGs THRST  RCF ¢ENGNO s THY s IN z

i3 COMMON /L 1ST3/CL eCDeSe0Se THIRZLTHR e CLMAX s AR ¢ CLAR ¢ CMACG s ALPHD o CX o 2

4 ® CZ400 IMOM s WINCR +CMDMP s GSC e ALMXR o VSF ¢ BW L 5

i COMMON /L1STA/FFSeJPOWs TGROS ¢DW A THMOM s THREQ g 5|

% COMMON /1.1ST%/S1G+SOUND ¢NU« TEMR JPAME o | ATM ¢ TEMF ¢ DSCDMDRHO TF

9 COMMON /L ISTO/RTODsDTOR $KTOF ¢ FTOK JNMTOF o F TONMsRHOZ «RNG220GZ vP2ZeT2Z 3 §

: COMMON/L 1 STB/ INDEX ¢ COEF ¢ GR:GTo ANJAT s AX e AZ o | TRM ¢ VUPRER i 2

| COMMON/L 1 STI/ZANS s ANSE SND o XA YA ZAINDIC « IFLAGINDER(2) +DBDX ¢ DSOY s i 3

i ¢ PRDZDB2DXN320YDE2DZ : #

é COMMONAL ISTIS/TALMX ¢ INT o XEDOT ¢ 2EDOT o XE 4 ZE« ILOOPWDTIME. AT FLIFT, i 3

S SOFLP « CANT s GALMXR - : 3

u CUMMONZL GEOM/SHEW e SCRODOT s A THDTHTH «RWA JOTHWA S DS THZ e DWLHZ ¢ [YY § g

% I XCGeZ2CHCOARPFNISINTHICOSTHoANGLE ¢ SINAL ¢COSAL ¢+RHZ «OTHNKZ VT SO - A

£ 2 LT aWDOTTHETR sV oW ;

[ COMLOM/CONTROL ZJF 1G e IREV e § S5 WNENG ' o

i COMMUIAL 1STIO/ LERR : . 5

. DATARTOL (K TOF JNHTOP JIHOZ s RNO224GZ 1020 T2/ET7,2%87795¢ 1060306076454 ,40 : .

: 102379680:4¢ 001 1LEGE624324178C30.2116.2218¢518.67/ i :

: 3

; < OFFINITION O~ VARIASLES [N NAMELIST sMA[NG H 2

¢ NETe  THE NUMRTR OF WEIGHTS IN THE WEIGHT RATRIX 1 E

< WYL, e  THE LIST CF SEIGRTS (LBSe) : & 3

Lo NNE s YHE NUMBER OF ALYITURES IN TME ALTIYUDE MATRIX i

¢ MELa  THE LIST OF . UNWAY ALTITUDES (PY.} 3

¢ VK e TME HEADWINDG CONRUNENT (KEAS) N 3

¢ JAYM 1§ YHE INDEN FOR SELECYING ATROSONERI( PROPERTIES T

: ¢ 1aTHe ¢ STANDAGD DAY TEMU “HATURES (CONPATIGLE wiTh US STANDARD : ®

. < : AND 1040 TENPERATURYLS) 3

i € ® i ML-STD-2104 TROPIC TEMOMERIYURES E

i < ® P MILSSTD=2104 POLAR YEMCPQATURES 4

; ¢ w3 MILSTEe2108 HOT TENREEATLIES 3

1 < s & MIL~ST0-2108 COLD YEMPEGATLRD 3

: € & % YEMSZOAYUNE IS SEECIFIFND A% ATPNCY (DEG F) A

< INCEQ (5 THE SEOUENSE FOR Qata [wout 3

z INGESe 2 SUBROUTINE S0 ~ Twd TIVLE CARDS - ‘ K

< » 3 SUBROUTINE SENQE - NAMEL ST akRYy S

' ® & SUBRSUTIAE THST| - NAMELISTY THYY - o

< * 8 SUGHIUTIRE TAKEQPE « NaWELISY TAXELF) : %

5 ¢ o & SURBDUTINE LAMDING « BAMELIST LANDI ' E

& < s T YERRINATES HEADING [NOUTS GRD BEGING EXECUTIUN N |
- < * B SYCP - g£rD OF 008
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20
3
a0
%0
60

o9

1ag
LR k]
152

1.2y
190

FXSEQ 1S THE EXFCUTION SEQUENCE (THE NUMBERING SE'IUENCE 1S THE
SAME AS INSEFQ)
FXAMPLES = INSEQ®2¢543¢8470 CAUSES INPUTS TO BE READ BY
SUBROUTINES SK iR+ TAKEOFF ¢AERC] ¢ THSTE IN ORDER AND THEN
EXECUTE THE J08
EXSEQ®S¢8¢ EXCCUTES SULROUTINE TAKEOFF AND THEN CALLS
5T0P

NAMEL IST/MA IN/NWT o WTL o WHF « - FL o VWK ¢ JATM o TEMPF ¢ INSEQeEXSEQ

CARDeS

POINTS S

INATESMIORF (358)

LIV Ts55
DYORNE] 4 /RTCD
FTOXKE ] o /RTOF

FTONMSE | ¢ /NMTOF
PAGE=1

IN=]

GFADCCARDMAIN)
VRITE (PR INT +MA IN)
Tel

INPe INSEQLL S

GO TO(99¢204¢I004"¢T00644150162)INP
CALL SKIW

G0 YO 60

CALL AERDY

GO 7O 90

CatL T™MSTY

SO TO 90

Call, VAXEQOFF

6D TO 90

Catl, LANDING

S0 7O 0

wDRITELRRINT «1009)
FOQVAY ([M] 4 1OX (ACHERRDR IN NSNELIST 'MAING, INSEQ OR EXSEOD)
(324 :
IFIINGGT L1160 YO a4y
felel

G 08

s}

tn» 2
tERsEXSEQUYI L1 maA

00 1%2 Ju]o0F

B IR X iNeY
MWL L)

oLl ATMOS

VIS s VRN $E TOF 500 T L5 16)
WYeWTL (W) :
tPCCal

IO ERSFGUI Y

6N YD 140.&00 4 tEC e IEX
ComeT P RE

[ ALY 4

g 3@ Itg

fielle}

B TO 1%L

VEIYF ST 1 20
ERUOGATLIH] 2« SO JT0ERS (¢ 20
ceny

ash

S
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PROGRAM MILSTOL{ INPUT sOUTPUT + TAPESe INPUT ¢ TAPEGSQUTPUT )

CHC 6400 OUMP OVFRLAY PlIOGRAM FOR IMILSTOL®
THF DUMP 1S A FLOATING POINT NAMELIST PRINTOUTY

INTEGER CRRDPRINT JPAGE «EXSEQ
REAL LIFT «MACH NUIKTOF NMTOF

COMMON ZLISTI/ZLINE sPAGE sLIMITCARD +PRINT (INP o IPUNCHIDATE XD (60)
COMMON /L IST2/DELTDJALFAR ¢ THRTL «GAMR s HIND s VTF ¢ WT o HF ¢cDT s Y IMS ¢ XF »
® FUELsMACH VWF oL IF T oDRAG TMRST ¢ RCF ¢ ENGNO THV e IN

COMMON /L 1STI/CLICD S e0SsTHIRIALTHRICLMAX AR CLAR «CMACG o ALPHD ,CX
® CZeO0s IMOMIWINCR¢CMOMP ¢QSC s ALMAER ¢ VSF o BW

COMMON 7L ISTA/FFPS e JPOW TOROS ¢DWA « THMOM, THREQ

COMMON /L ISTS/S 16+ SOUND ¢NUTEMR oPAMB ¢ 1ATM  TEMF 4 DSODM s ORKO

COMMON /L |STE/RTOD +DTORIKTOF ¢ FTOK ¢NMTOF s FTONM ¢RMOZ «RHOZ2:G2ZoPZ 1Y
COMMONAA 1STBZINDEX ¢ COEF ¢GNsGT 1 ANIAT s AN AZ ¢ | TRM yVUBPER

COMMON/L | STOZANSsANS2 ¢ND o XA s YA ZA INDIC EFLAGINDER (D) « 2BDX«DBDY 0
® DADZ+DB20XDB2DY0B202

COMMONAL ESTIS/7TALMK e INT o XEDOT s ZEDOT o XE s ZE « JLOOPOTIME Y  IAT oFLIFTH
JOFLD s CaMT o GALMXR

Cr " ONALGEOM/SHE W s SCReQDOT s RTHDTHTHeARA 1 DTHEA «BSTNZ s DWLHZ e J¥Y s

1 % GeZCOeCBARIPFNeSINTHoCOSTHIANGLE s SINAL s COSAL sRHZ e DTHMZ s VTISGe

2 UDOT e WDOT« THETR«U e W

COMMONSCONTROL ZJUF1Ge [REV« | SP JNENG

COMMONA_L1STR/ [ERR

NAMEL IST/OUMP L INE ¢PAGE oL IMI T CARD «PRINT  INP o |PANCKWOF P,
OELTOJALFARCTHRYL «GAMI o MIND WV TF s TaNE 4DT s TIMNS o XF &

FUEL s MACH  VuF o LiF T sCRAG s TRRST 4 RCF JENGND . THY x INLCAHT s GALMXR
SCLCDsS eSS THIRIALTHMR i CLMAX s 2R e CLAR CHACG o ALPHG+CX o

a wiN V4 (] HXQ o 11

% CZeQu HGus '-ggit wi%éﬁé%%ueaivaﬁéﬁ-Tnﬁﬁe

6 ¢S 15+ SOUND «NU G TEMR (PAME « L ATE  TENF 4 DSODN 1 DRNO

’ JRYOD (DTOR(KYOF sFYOK (NNTUF o FTONM 4 HNGZ «RN0224624P2 e T2
8
9

WA e

S INDERICOBF s ONGGT R ANSAT L AX A2 o | TN VIRRER

CANS JAMAZ JND e XA YRS ZA o INDTT L 7L AGUNDER L0PDXLDA0DY .
1 OADZ,NA2DRDA2DY DAV TALMX » INT cMEDOT « PEQQY o XE«TE W JL QAR DT IME
21aTFLIFEY CSHEE A SR GO Y TR TH DRI QWA DTHEA DS THZ s DA HT - [ ¥Y,
3 XCGe2CGLBAN RPN S INTHGCOETHOANGLE « S IRAL ¢ COBAL W WRZ JOTHMI LV TSD
4 UNOYT ouOOT s THETR eV e W a JE O o IREV 15D, [ERSG

SOYE (8 .0UND)
ST
Ean
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SUAROUT INE AECFM
6400 SUBROUTINE FOR CALCULATING ACCELERATIONS.

THIS SUBROUTINE CALLS FOR THE FOLLOWING ENTRIES.
TH5TLe AEROZs TRIM

ALL INDEX OPTIONS ASSUME wWEIGHT AND ALTITUDE ARE SPECIFIED)

ALL EXCEPT 3 ASSUME GAMR SPECTIFIED.

BLL EXCERPT & ASSUME POWER SETYYING SPECIFIED.

ALL EXCEPTY 7 ASSUME VELOCITY SPECIFIED.

GN AND GT ART RESPFCYIVELY THE KORMAL AND TANGENTIAL LOAD FACTORNS
INNEX @ | FOR CALCULATING GROUND ACCELERATIONSIGIVEN ALFAR+ GAMR,
AND COEF Y,

SNREX » 2 FOR CALCULATEING AT AND AN(GTIVEN ALFAR: GAMR),

INNEX ® 3 FOR CALCULATING ALFAR AND GAMRIGIVEN GN AND GT)y,
INDEX m» & FOR CALCULATING ALFAR AND AN(GIVEN GAMR AND GT).
INDEX @ & FOR CALCULATING ALFAR AND AT(GIVEN GAMR AND GN).
INDEX = & FOR CALTVLATING ALFARsTHRTL s (GIVEN GAMRIGNGT )W
INDEX ® 7 FOR CALCULATING ALFARWVIF(GIVEN GAMRIGNsGTI

INTEGER CARD«PRINY JPAGE
AFAL LIFToMACH NUKTOF «NMTOF o [ YY

DIMENS ION 53‘3)05V16)059V66)057f3’0Jﬂ(3)tJV(3)olibloV(ﬁltpV(G’OYtﬁ
1)
COMMON ALISTIZ LINE'PAGEsLIMITCARDPRINT « INP s IPUNCH JDATE ¢+ HD (80

COMMON AL EIST2/ DELTOWALFAQ:THRIL +GAMR HIND «VTF s W T o F oDT e TIMSG ¢ XF o FU
1P LaMACH VRE L IF Y ORAGs THRET A RCF I ENGRNO e THV o N

COMMON ZUEST3/ CLolDeSsQS s THIR(ALTHRCLUMAX AR CCLARGCMACC  ALPHD o CX s
1C200« IMOM  WINCR CMOMP 3 GSC + ALMXR « VSF « B4

COMMON N ISTAZ FFSeJPOW e TGROS «DWA c THMOM«THRED

COMMON AL ISTS/ SIGeSQUNDWNUL TEMI aRAME 3 PATM , TEMF 3 DS0O0M» DRMNO

COMMON AL1STOZ RTODDTORKTOF «FTOK cNMTOF 4 FTUNM RMOZ RHOZ2+62 P2 Y2
COMMON L 1SYRS INDEN(COEF sON o GT 1N AT AKE s AZE 5 [ TRN L VURPESR

COMRAN ALGEIM, SHSW s SCR1GDOT s B THMDTHTMARUA DTMEADETHZ s DL Mo YV X
:cc.zea.aniu.afn.ssnrn.cosru.ANGLz.s:uAL;cosaL.nuz.ornﬁz.vrso.uacr.
2¥NDT THETR il W ’

COMVON A 1S9/ fEQD

ETUIVALPNGE (SAC1aGC0TT e (5A12)eACN) s (SAIIIACT e 15VE 1) CELTYD)
DaTA STV eSOV SITI 20405026 ¢ 020034006888, = 02« ¢ 00)OP06504 1 o J e De”

RECENeGI/eT
EROReRN(Y2eS oS
L% T |

[T 'Y e

Ut T D 2RO CORUND
NEVEPReT

BT SURSIDIOTSR FOS AV ePVaT,
1=}

1P 1IMOR B0 GO 10 1D
Jati)eg .
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10
°
3 30
;
%%
%{(
40
%0
c
i C
50
c
L 20
; A0
8 80
i 100
k
& 110
“‘é.
120
130
140

JVLl)my

IF (1TRM,EG.2) JUVIl)=S
IF (INDEX«LTe32 GO YO SO
Intel

GO0 T0 20

IF (INDEX.LTe3) GO TO 100
JA(])=2

IF (INDEXeEQed) JA(1)=23
JVvity=2

IF (INDEX<4) S50450,30

IF (INDEXeNELS) GO TC 4C
I=sl4d

JALD)mD

JV(l)=3

JPOW= 2

CALL THSTHY

THRNP = THRTL

JPOW=S

GO TO %0

IF (INDEXeEQe7) NVSTPay
NSOL =t

STORE VALUES OF INDEPENDENT VARIABLES (V)s PERTURBATION
INCREMENTS (PV) AND TOLERANCES (T}

00 60 =1 +NSOL
JeJvil)

Vi =SVigy
PVIT)=SPVIJY
JuJAll)
T(1)=ST(J)

START CONVERGENCE LOOP,

I (INDEX=2) 1004100470
AGTsGT

AGNeGN=1 4

1F (INDEX¢NE +6) ITRM=}

{F (INDEX=4) 11080490
AGN=20+0

60 TO 110

IF (INDEXsEQeS) AGT=0,0
GO YO 110

AGT'OOO

AGN=0 40

IF (INDEXsNEL7) GO TO 120
QS=RHOS*VTF#VTF
QSCuQS#CBAR
MACH=VTF/SOUND
ALTHR=ALFAR=WINCR+THIR
SINTHESINCALTHR)
COSTHeCOS(ALTHRY

CALL THST])

CALL AERQ2
TMINDu#TGROS#COSTH-DRAG=DWA
IF (INDEX+NE.3) GO TO 130
SNGAME TMIND/WT=AGT
GAMR=AS IN(SNGAMY

GO YO 140

SNGAMS S IN{GAMR )

CSGAM=COS (GAMRY
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EEREN:

3
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AT NS AT S NI

e g ey 3 T

'L!FTILlFTQTGROS‘S!NTN-WT’CSGAH
ANsFL IFT#RECPM
1F CINDEX~-1) 130¢1%8C17C
180 IF (FLIFT) 16041704170
160 FRICT=COEFRMLIFTY
G TO 180
170 FRICT=0.0
180 FYHSTaTMINDSFRICT-WTHSNGAN
ATaFTHS THRECPM
ACNSAN/GZ=AGN
ACTeAT/GZ=AGY
1F {IMOM,EQ.O} GC TO 200
IF (1TRM.EQ.0) GO TO 190
ANGLESALFAR=W INCR
THETREANGLE4GAUR
SiNALBS INCANGLE)
COSAL=LOS (ANGLE)
UsVTF&COSAL
wnVYTFRS INAL
190 UDOTEAN®S INAL+ATHCOSAL=G¥W
WOOT=AYT#S I NAL~ANFCOSAL+Q*Y
ALPHD® {USWDOT~Wa#UDOT) /VTSO
CMOa=134137
CMALDl-ll0902520(.4008279*7.523612/(ALFAR*PTOD-ZSaBQ259)‘*2)
AlmOBRCBAR/VTF
CMDMP= AL # (CMORQHCMALD#ALPHD)
0CDOT-(TRMOM¢(CMACG+CMDMP)QQSC}/IIY
200 IF {ITRM,EQ.O) GO TO 30C

STORE CURRENT VALUES OF ACCELERATIONS (Ade

00 210 1=1«NSOL
JeJAll}
210 a11)eSALYY
CONVERGE VALUES OF (A} BY VARYING VALUES OF (V).

caLl TRILINSOL sAsV PV T K}
1F (K=NSOL) 2304230.220
220 1F (INDEXeNEs7) 2904250
STORE RESET VALUES OF INDEPENDENT VARIABLES.
230 NSTER=NSTEP+}
IF (NSTEP.GT.33) GO TO 280
RESET VALUVES OF (V).
DO 24U Im]«NSOL
JeJV(1)
240 SViJImVIT)
G0 TO 110
280 1F (ABSUACT)eLE.ST(IN? GO TO 290
1F (NVSTP.GTW0) GO TO 270
IF (ACTeLTe0s0) GO TO 270
260 VIFsVTF4DVTF
NSTEP=C
Km=]
GO TO 110
270 DVTFa=ACT#DOVTF/(ACT~ASAV)
ASAVSACT
NVETPaMNVSTP4]
{F (NVSTPo.GT.12) GO TO 280
GO TO 260
280 1ERR=2
200 1TRM=0
300 ODOT=QCDOT
RCERVIF#SNGAM
AXERAT#CSGAM=AN#SNGAM
A?E-ANQCSGAM+ATOSNGAM
RETURN
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SURROUT INE AERO}

6400 FORTRAN 1V PROGRAM TO STORE AND RETRIEVE AERODYNAMIC DATA
FOR USE WITH TABULATED AERODYNAMIC DATA

CL AND CD = F(ALPHA«THRUST COEFFICIENTFLAP DEFLECTION)

o stiody R

[a NeNe]

2 S

TH1S PROGRAM CALLS THE FOLLOWING SUBRQUTINESS E
KABD B
LOOK 5

OO0 0

INTEGER CARD«PRINT 4PAGE
REAL LIFToKTOF yMACHNUWNMTOF e 1YY

DIMENSION XC(1%)4YC(S)eZC(S5)4CLA(3TS)+CDAL3TS)

COMMON /L ISTY/ LINE«PAGEWLIMITCARDWPRINT + INP IPUNCH IDATE +HD(60)

COMMON /L 1ST2/ OELTDWALFARITHRTL «GCAMRHIND ¢ VTF s W T s HF ¢ DT TIMS e XF oFU

1EL WMACH ¢ VWF ¢ LIF T +DRAGy THRST+RCF+ENGNO ¢ THV ¢ IN

COMMON /L I1ST3/ CLCD1SeQS»THIRJALTHRICLMAX ¢ARSCLARsCMACGALPHD+CX o

1CZeQe IMOMIWINCR ¢CMDMP ¢ QEC ( ALMXR + VSF «BW

COMMON /ZLISTS/ FFS+JPOW s TGROS «DWA « THMOM » THREQ

COMMON /L ISTS/ S1G+SOUND «NULTEMRPAMB TATM TEMF ¢DSODH + GRHO

COMMON /L ISTE/ RTODIDTORKTOF ¢+FTOK + NMTOF ¢ FTONMIRHOZ 4RHOZ24GZsPZs T2

COMMON /L.15787 INDEX«COEF ¢GNsGTeANJAT¢AXsAZ s ] TRM 4 VUPPER

COMMON/LEISTO/ANS1ANSZeNDoX 2Y +Z «INDICWIFLAGINDER(3) «DBDOX+DBDY s

T # DRDZOB20XDB2DYDB2DZ

: COMMON /L IST15/ TALMX INT JXEDOT ¢ ZEDOT o XE ¢ ZE ¢ ILOOP «DTIME W TATWFLIFT
1OFLP«CAHT s GALMXR
COMMON /LLGEOM/ SHSWiSCR(QDOT ¢RTHDTHTHRWA«DTHWAJDSTHZ «+DWLHZ 1YY 2 X
1CGCs2CG+CBARPFN«SINTHCOSTHe ANGLE « SINAL « COSAL «RHZ+DTHRZWVTSQ4UDOT »
2WDOT s THETR WU W

P COMMON/ACONTROL/JF 1G4+ IREV Y ISP «NENG

B COMMON /L1ST99/ 1ERR

SRS

OFFINITION OF VARIABLES IN NAMELIST tAERT1®
S = WING REFERENCE AREA,
Bw = WING SPAN
CaHTx HMEIGHT CF THE QUARTER CHORD ABOVE THE GROUND (FT)
GALMX= ANGLF OF ATTACK FOR GROUND CONTACT (DEG)
ALPMX = MAXIMUM ALLCWABLE ANGLE OF ATTACK « USUALLY & CL LIMIT
(DEG)

ACLMD = STALL ANGLE GF ATTACK (DEG)
FRP = EQUIVALENT FLAT PLATE AREA OF ADDITIONAL ORAG ITEMS (5Q FTy
WINCD = WING INCIDENCE(CEG)
DCLSP & INCREMENTAL LIFT COCEFFICIENT DUE TO L!IFT DUMPERS .
DCDSP = INCREMENTAL DRAG COEFFICIENT DUE TO LIFT DUMPERS -
EONCL = INCREMENTAL ULIFT COEFFICIENT DUE TO ENG OUT CONTROLS
EODCD = INCREMENTAL DRAG COEFFICIENT OUE TO ENG OUT CONTROLS
NXsNYsNZ ARE THE NUMBER OF XCeYCeZC
XC = THE LIST OF ANGLES OF ATTACK (DEG)
YC = THE LIST OF THRUST COEFFICIENTS
ZC = THE LIST OF FLAP DEFLECTIONS (DEG)
ClLa = LIFT COEFFICIENT A5 A FUNCTION OF (ALPHAWCTFLARP DEFLECTION)
COA = DRAG COEFFICIFENT AS A FUNCTION OF (ALPHAWCT.FLAP DEFLECTION)
JFIG = 1| FOR MECHANICAL FLAPS PLUS VECTORED THRUST

2 FOR EXTERNALLY BLOWN FLAPS
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3 FOR INTERNALLY BLOWN FLAPS

NAMELIST ZAERT1/ SeBWeJFIGeCOHT «GALMX e ALPMXcACLMDFBPeWINCD PRE
1 NXeXCeNY ¢ YCoaNZeZCosCLAWCDAWCCLSPDCDSP +EODCL ¢EQDCD

READ INPUTS,

1F (INJNEs1) GO TO 20
READ (CARDJAERTL)

WRITE (PRINT.AERT!)
WINCR2W INCD#DTOR
GALMXReGALMX#DTOR
ALMXR=DTOR#ALPMX

ALPHD & ACLMD#*DTOR

ND o 1

11 =« 0

cheP = FBP/S PRE
RETURN

RHOS=RHOZ2#SIG#S

IF (VTYF eLEe1:0)11=0
QS = RHOS#VTFRVTF

X = ACLMD

IF (11.EQe0) GO YO 2%
IF(JF1G«LEW2) GO TO 23
YeTHMOM/QS

GO T0 22

23 Y £ TIROS/08

21

GO Y0 22
Y « 0

22 Z = DFLP

CALL LOOK(NXeXCsNYsYCeNZeZCosCLAWCDA)Y
CLMAX = ANS

IF(NENG¢EQe2) CLMAX=CLMAX+EQODCL

IF (11.5T40) RETURN

11 =1

VSFaSQRT(WT/(CLMAX#RHOS ) )

RETURN

ENTRY AERQ2

60 ALTHR = ALFAR=WINCR+THIR

ALFAD = ALFAR#RTOD
IF(VTF4LE«140«0RIREV4GTa0) GO TO 61
IF(JFIGLFW42) GO TO 635

CT o THMOM/GS

GO TO 62

65 CT=TGROS/QGS

&1

GO TO 62
CT = 0,40C

&2 X = ALFAD

Y =CT

Z = DFLP

CALL LOOK(NXsXCoNYsYCeNZ+ZCCLAWEDAY
IF({JFIGeEQe2:ANDJIREV4EQeO) GO TO 72
IF(VTF eLE el s ¢ AND o JFI1GsFQeIsANDIREV4EQ.OY GO TO
CL = ANS

Ch = ANS2

IF{ISP+GT«C) GO TO 66

IFINENGeNE42) GO TO 64

Cl. = CL+EOQODCL

CD = CD+EOQODCD
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GO TO 64 .

66 CL = CL4DCLSP P
cn = CO+DCDSP L

64 CD w CD+CDBP 3
LIFT=CL*QS §
DRAG=CD#QS 4
PETURN %

63 LIFT = THMOM#SIN(ALFAR+DFLP#DTOR) g
DRAG = THMOMR®COS(ALFAR+DFLP#DTOR) i
RPETURN G

72 CL s ANS«CT#SIN(ALTHR) 5
IF (VTF eLE.140) GO TO 73 B
€O = ANS2+CT#COS(ALTHR)

GO TO 74

73 CD = ANS2+CT#COS(ALTHR)
74 CO = CD+CDBP
IF (1SP.GT4C) GO TO 75
IF (NENGJNE+2) GO TO 80
CL = CL+ECDCL
¢D = CD+EODCD
GO TO 80
75 CL = CL+DCLSP

VR A R RS R B, B R P

CD = CD+DCOSP
80 LIFT=CL#QS
CRAGRCDRXGS 4
REVURN ﬂ
N
[ .
£
;; i
7 :
g ;
§ i

FUNCTIONALIN( T 4 XeYeXA)
DIMENSION X(1)eYil)

ALIN = Y(I1)4(XA=X{I))R(Y(I41)=Y{1))/7(X(]e))aX(1)}
RETURN

END
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SURROUT INE ATMOS
6400 FORTRAN ATMOSPHERIC SUBROUTINE WITH MIL GY0 z10A TEMPERATURE OPT!ONSe

THIS SUBROUTINE CALLS FOR THE FOLLOWING ENTRIES.

KABD OKABD
INDEX JATMe SET IN THE MAIN PROGRAMs SELECTS THE TEMPERATURE OPTION,
1ATM = Oy FOR STANDARD TEMPERATURES

IATM & § MIL STD 21CA TROPIC TEMPERATURES.

TATM 2 MIL STD 210A POLAR TEMPERATURES.

1ATM 3 MIL STD 210A HOT TEMPERATURES.

1ATM™ 4 MIL STD 210A COLD TEMPERATURES,

TATM S TEMPERATURE IS INPUT AS TEMF

INTEGER CARDPRINT 4PAGE
BEAL LIFT«NUsMACH

DIMENSION TROPIC(15)+POLAR(20)¢HOT(20) +S0LDIL3IS)Y

COMMON /LISTI/ZLINEWPAGE L IMITsCARDWPRINT ¢ INPo IPUNCHIDATE +HD(60)
COMMON /LI1ST2/DELTO+ALFAR«THRTL 4GAMR ¢ HINDIVTF e WTeHF sDT o TIMS o XF o
# FUEL «MACH«VWF oL IFT ¢DRAG ¢ THRST ¢ RCF ¢ ENGNC ¢ THV 4 IN
COMMON /LISTS/S1GeSOUND eNUITEMRPAMB ¢ IATM ¢ TENMF ¢ DSODKH ¢ ORMC
DATA NTROPC «NPOLARINHOT ¢+NCOLD/218430¢7/7¢ {TROPIC(1)elmloi5)/
~88270412¢62808¢80089548¢146314- 40039108943¢535954¢~"158C3e01 0
Q4397 ,625¢2334438644+0C2033033169620414853,869565¢675984227
289,94064040013433339410CC0C/+(POLARI]II]21420)/722063115153
«]058,43864 443,77985s CL,0031011192¢ 32434¢ 16234492 15111866
455,698S s =5,1608B24E~C4¢ 9882+ 15029¢37701 39999¢1460 4T78,6T1660
«0,002800841y 30065¢¢ 3067771 1331946766 4004569213
=2,5384826E~0a4¢ B6CI2¢/ ¢ (HOT(13¢1=1420)/~196560419¢ 5562077
EEQ,154CTs ~0,0032742099y 3G4800,¢=1099482,52¢ TIT31,5986,
3984984264 3,1 72946E=044s S504C04e=123423365¢ 478764697 G10,219720
1 e8486342E~04y 664004+ 1038899849 =63820.3064 260637596,
Ne00124829502¢ 170C00s/¢(COLD(I)s]1a]235)/8H3934349¢ 107374404,
A954181010 04012984173 3311 es NaQs 1600 444,688 0a0¢ 10744,
627229%404¢ 3817834160 212140792 040013131285+ 071560 0e0s 1000
274,688¢ 0400 423774 4=1609,4722¢ S1C 718144 597,11641
=0,00%2534685¢ 5058341 0eO00s 14Cr 332.688¢ 0¢0¢ 610874
«€07100988¢s =313264266¢ 1046432190 ~0e00266672%6¢ TI0554/

ORDOWN~ s ODIOGRS WN—

NAMEL IST/ZATM] /NTROPC +TROP [CoNPOLAR JPOLAR WNHOT ¢HCT « NCOLD 4 COLD

IFLIN=1)54105%
WRITE(RRINT (ATV])
e TURN

STANDARD ATMOSPRFEQE

IF(HMF «GE 2 36089,239)G0 TO 10

PAMA 5 21162218011 4e=e08735L008~0UD8KF ) 088,255876)
IP11ATMLGT 0160 YO 1%

TEMRQ = | 80128841500 199120MF)

GO TO 36

1FLHF o GE +65618,798)160 T 11

PAME & A72,601080EXPI],7335725,8806302RF=i1a814F )
IFLIATN AT, 0160 YO 1S

e e ity ol A G PR A AL, By, T et

fecitte s

NI

oy

R O ST
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do s : GARMRS AEET  LrMATN ETe Pl T S

TEVR 8 309,87
GO T0 30
13 PAMB 8 1314,3487/1:90768524414068774E=0S0HF ) 8836,163196
IF(IATM,GTL0)GO TO IS
TEMR = 1,80(196,654,00030484KF)
GO Y0 30
15 GO TO(164100042000:95¢26) ¢ JATM

c TROPICAL ATMOSPHERE TEMPERATURES.

16 IFIHFGT100000,)1G0 YO 2%
CALL XABD(NTROPC oMF 1 TEMR« TROPIC)
GO 7O 30

25 TEMR = 424,27
GO TO 30

c POLAR ATMOSPHERE TEMPERATURES, " i

1000 IFIHF.GE«86092,)60 TO §130

CALL KABD INPOLAR sHF « TEMR 1+ POLAR) b4

GO0 TO 30 E|

1130 TeMa = 378,27 g
GO TO 30 4

3

< MOT ATMOSPHERE TEMPERATURES. §
E

2000 IFLHFLGTL100000,1G0 TO 2120 g

CALL KABDINMOT 4 MF ¢ TEMRHOT)
GO YO 30

2120 TEMR = 448,07
GO TO 30

< COLD ATMOSPHERE YEMPERATURES.

98 IFINF«GT4100000,)530 TO 470 -
CALL KABDINCOLD H™ « TENS 4 CERLOD Y
GO Y0 YO
170 TEFMR = 288,77
G0 YO 0
26 TFuR & TEWUF4429,47 :
30 SI1G » J2A%002460PAND/TEND
TEME 8 TEMRW&S9,87
TEMKUTENAZ] A8
SOILNDS AR, PTTOIRCHSORTITE Xy
NU 8 o1201°28E=048SCRTITEMKI/Z(SIGOL]42110.,4/7TERKY)
BFTUAN :
Fr

NN TN
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SUBROUTINE FIND(N,KeYeXCaYC)

COC. 6400 SUBROUTINE WHICH PERFORMS A LAGRANIAN [NTERPOLATION
ON A ONF DIMEWSIONAL ARRAY, [IF THE ARGUMENT IS OUTSIDE OF THE
QANGEs A LINEAR EXTRAPOLATION |5 MADE,

THIS SUBROUTINE CALLS THE POLLOWING ENTRIES

INTP2
Ne THE NUMBER OF XY POINTS IN THE ARRAY
e THE ARGUMENT FOR INTERPOLATING
Yo THE SOLUTION
XC- THE AAGUMENT LIST
YC- THE DEPENDENT VARIABLE L1ST

OIMENSION XC(20) YL (20)
INTFGER CARDWPRINT PAGE
COMMON/LISTI/L INEsPAGE «LIMIT ¢CARD +PRINT » INP4 LPUNCH IDATE +HD (60)

IFINWLTes) GO TO 5C

In}

NisN-]

00 10 1=1N}
FPINGEXC(I Yo AND o XeLELXC(I43)) GO TO 1S
CONT INUE

G0 Y0 %80

IFIXGNELXC(I)) GO TO 20
YeavVCtil)

PETUAN

IPIX,NELXC(I®1Y)Y GO YO 25
YavYCilel)

fF TUAN

1201.G7:2) GO YO 30

e}

GO Y0 A%

FFETelLYeN~1) GO 1O IS

| L1 0% ]

GO YO 4%

fnfel

NX# o) .
CALL INTDRINX«XCtYCaXe Vel o8 CaY
orTUIN

PR VaXCIIYN) §u)
IFEXGTanCtNY ) LeN]

¥ ow ALINIT<XCoYCoX)
ePTURN

147
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SUZROUTINE GILL( YuOT «YsDUMG s ILOOP +OT [ME )

" THIS 1S AN INTEGRATIOM SUBROUTINE: YO EXECUTE AN INTEGRTATION STE
RECUIRES FOUR PASSES WITH ILCOOP SET TO 2 THROUGH 5S¢ THE FIRSY TINME
SURROUTINE IS USED+ THE FIRST PASS IS MADE WITH 1L.OOP SET EQUAL YO -
ALL VARIABLES BEING INTEGRATED HUST BE CALLEO iN EACH PASS BEFORE
GOING ON ?0 THE NEXT PASS,

0000

DVﬁVDOT'DYQNE -
OsNHUMEO
GO YO (10020130040050)0 1Loge
‘10 Qw0
CnY s /SORT(20)
CMINUSe] ¢=L
CRi.US=1,4C
20 G ,840Y«Q
G, #R=,B80Y+0
) G0 TG 60
. 36 OatMINUSSH{DY«Q)
G293, 9R=CMINUSEDY
GO TC &0
40 DefUSH (DY=0F
G 0-0#39‘9*C9LUSCOV
G0 TC &0
80 R (DY~ #0) 76,
ORQa Yo W= o BHEOY
60 YaYeR :
© DAUMQeG
OF TURN
€nd

e N S B T

2 TET

s Mg,

tecrCceceececeEeccceceCccececCcccececececc ¢




: SUBRDUTINE GINTG Al

€ 6400 FORTRAN SUBROUTINE WMICH INTEGRATES ALTITUDEGR/C AND ATTIVUDE Al

c ANG/OR GROUND SPEEDs DISTANCE Al

[ o OR GROUND SPEED. OISTANCE AND ATTITUOE Al

Al

N TS PROGAAM CALLS THE FOLLOWING SUBSIUTINESe Al

c AECFM ATMOS cGILL Al

Al

INTEGFR CARD+PRINT 4PAGE At

OEAL LIPToKTOF ¢MACH N oNMTOF 4 1YY Al

- CONMMON ALISYL/ LINE'PAGEsLIMIT(CARD ¢BRINT o INPo JPUNCH IDATE ¢ KDIS0) AT

: | COMMON /L1I5T2/ DELTDIALFARTHRTIL cGAMR M IND o VIF ¢WT o MF DT o TIMSeXF oFU A

IFL e MACM VWF oL IFPT sDRAGe THRST s RCF +ENGND s THV s IN Al

COMMON /L1STY/ CLeCOe5:QS¢THIRIALTHR ¢CLMAX 3 AR ¢ CLARGCMACG (ALPHD «CXe A

1 ; ACHM G WINLR G CuU P OSE o ALMXR ¢ VSF ¢ BW al

COMMON ZLISTA/ FFS.JPO¥: TGROS ¢ DWA ¢ THMOM s THREC Al

COMMON /L TISTS/ S1GeSOUNDeNUTEMR (BAMT  fATM o TENF L 3S00H ¢ DRKRO Af

COMMON AN I1ST6/ RIODDTORIKTOF FTOK JNMTOF ¢ FTONMoHOZ ¢RAMOZZ +GZ P2 eYZ Al

COMMON /LISTO/ INOEXCOEF «GNeGT i ANGAT JAXE ¢ AZE + 1 TRMVUPPER Al

COMMON AL ISTIS/ 1ALMRGIKT ¢ XESOTeZEDOT o XE+ZE « ILOCPSDTIME 4 JAT o FLIFYe A
OFLD s CAMT ¢ GALMXR

COMMON /LGEOM/ SHSWeSCRIUDOT sRTHDTHTHIRWAsDTHWA :DSTHZ «OWLHZ s IYY X Al

$1CGsZCGCBAR VPN SINTHICOSTHIANGLE s SINAL ¢ COSAL ¢ RMZ s DTHEZ s VTSQUBOTs Al

SUDOT «THETR sUe ¥ : Al

: Al

10 1F IXEDOT)Y 304+200e30 At

2G GAWQL0,0 : . Al

i GO 10 a0 , Al

. 30 CAMRIATANIZEDOY/XEQQT) F §

z 40 VISOsXEDOTIXEDOTZEDOTEZEDOT At

3 VIFeSORT EVTSD) Al

' § ALFARSYHE TRGANG W ENST ' ' Al

o IF (TALMX) 6060 %0 Al

3 80 ALFAReALMXD o Al

i Ce (XBOOYSZE20T-2EDO T eXE20T ) /VYSG Ag

&0 CaLL ATHQS &1

MACHRVYF fSOIND aj

CEeRRQZ28TICOSOVTSY At

ChLL AFQrMe At

XEINTYepNy Al

TesnTesZr , _ &l

GR TO (T04T0.50. 10,80 4. 100D &8

70 TivEeY[NSs SROTINE &t

B0 XCADYeXTOOTYNE : Al

) CRLYL GILLINGIOT (MF 2 ONE o SLODR T ENE) A}

¢ CaLL GILLIXE2OT ZECOY JONEZ ILO0P DY IME) : A&t

tF LINTa2) 1124100490 : at

GO £att SILLITEDOT y 2¢ O2E« ILGOR O T Iser ) ) &t

CaLs SILLIZERDY, 28000020 5+ 100200 INE) ki

G0 CALL SILL (G THETZAQTH, JLODD OY M) al

- - I8 GD Y0 (120130130 o 1200 LOOP ' ' %3

120 110002} F T

i an Yo ¢ ' &)

£330 OO ILL0Pey a ' At

an Yy 10 . &{

A0 (LoD 2 Af

R Ty : ) : a1

€rd at

i-14
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SUPROUT INE MEAD(INL) ) AK
AKX
INTEGER CARDPRINT PAGE AKX
DIMENSION IDUIC)IHP Q) oNL(8) AK m
COMMON ZLISTE/ LINEPAGE ¢LIMIT(CARDPRINT ¢ INPs IPUNCHIJOATE e HD(60) AK §
AX 3
00 27 Imjee AK 4
Ju2e =g AK
IF (MO0 42)eNEOY WRITE (PRINT.30) AK
3D POIMAT {14 ) AX
DECONE C10460aNLEJY)Y D AR
a0 FORMAT (%12) AKX
B0 10 Ke12310 _ AK 5!
Xex$DIK) AK
10 HP(KaMDIXK]) : AX
$QITE (PRINTS0) WP AK .
&0 FORMAYT (12X10(2XeA10)Y) , AX 5
20 CONYINUE ' Ax i
LInFel INESS : - AK ;
. OFTURIN : : AX ‘ :
FNt : R AX %
&
& :
'§ :
52 SURRQUY INF  [RTE2INX 4 Xe Y« RXC1YC1aeBaCeD)
4 < 840D FORTRAN M UEGRER SQLVYNINIAL INTESSHQLATION SUSROUTIAE,
= o PRISY WiITw SUASCRIPTED X AND ¥ DaTa,

DINPNS TN Kilye YU} ’ CE

I 2 NE«DS
IC 81, w tYii)-YEbaYi s ekt -XTia3))
BE o (ALCYIIF-¥iie2 1 0RT =R )1 p2UKE el =K 020)
Bz (HE - AL =lY i)=Y i o3 1 2N 2umnileod) N tuilo)jaRiiod ) )rintied )= B
*iiteSy) o
6 e BEityexnglet) : o
B oo BEARIRALH ALY
T 2 M l0iXiigeniitowile] }oiatwtretia
e Vit IwTdaeR e satrbeNiiaCroNil
Ve a2 $LAMHESHIENT el IeNT o
[+ g2 5
Ern

1-1%
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SUBROUTINE KABDINFITSXCeVCeX)
6400 FORYRAN KaABD EVALUATION PROGRAM,

MWITE S THE NUMRER OF CURVE FITS STRUNG TOGETHER FOR THE

PASTICULAR VARIASLE,

INTEGER CARDPRINT ¢PAGE

COMMON ALISTL/ LlNE.PAGuoLlﬂlYoCARDopﬂleolN’thUNCN!lGA?EoND!OO’

COMMON /L.1ST99/ (ERR
DIMENSION X(50)

1eRAS0

i=)

IF (XCoX{1ea1) 30.20.,30
YECoN(13/7¢UCaX{ o) )oX(1062)6X(103)0XC
OF TURN

[ LA LS

1F (1LEJSeNFITS) GO YO 10

WRPITE (PQINTA0) NFITSXC o Xit-1?
triRe}

RETURN

FORMAT (SX:38M UPPER L, IMIT OF X EXCEEDED.

$e0iHe X(100)0.EJ2eS)

(4" 3]

SURGOUT INE LAGCRALIK Y INDEX)

NF 7S, 13¢8He XCuE12.9

6400 FORYGAN aua%aur}us WHICKH OQES A £OUR FOINT LASRANGIAN INTERDD

DIMENSION X{8)7181:0%i10)

PEOCINDE¥Y 3TN0

INGPRa |ADCK L

Led

DL 3 fwied

it}

™M 20 St

raxel

I ST ERE TS (T

CHONY 188
POON2RGRIIIIDNIZI ORI pINTAISRN IR P /OELTY
BROGIeORI L )/ON IS EIRIII/DRIG 62N 2) SONI1Q)
BOODASSRI | 1 /ORIQISARII IR IAISYRIAIIDRIICH

DOOOSe-0NI L) Z7DXI D ISDRLZ YV /SN IGIODN I Ny /NL )T

YY) eDE0O02e4 VI SISEU0D 3V L 8 ) SEGODRS VN 3 6PLGOS

O TN
Fun

x x

X MX XXX

I B B BB & 8 & & 8 % 8 %8

AL AL A AL A q L

e = s e e, -

FERR OIS TR R SUPN S

PV RS

W oL D

S it W

%

13
A

.

ERSRNATICAY

PR TN

i
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SUBROUT INE LANDING
LB ¢ 6400 FORTRAN |V LANDING SUBROUTINE FOR STOL AIRCRAFY
i E}yi

v P ¢ TS BOUNDARIES OF THIS PROGRAM ARF = =
© c VTD GT OR EQ TO APVeVSTALL E
E c VOBS GT OR EO TO APVSVSTALL >
w ¢ TOUCHOOWN RATE OF SINX LT OR EG TO RS 4
¥ c TMEYA AT TOUCHDUWN GT OR 50 TO ZERO E
® c THETA AT TOUCKDOWN LT OR EO TO GALMX (AERO INPUT) '%
- g c ALPHA DURING APPL . aCK LY ON EQ YO ALPMX (AERD INPUT) E
| ¢ c THIS PROGRAM CALL THE FCLLOWING SUBROUTINES :
S c ATMOS ¢ SK TP (HEAD « THE T o NWTR2 o AERO] s GINTG g
E. INTEGER CARDPRINT (PAGE i
. BFAL LIFTIXTOF JMACH s MU NMTOF g
. ¥ DIMENSION N tB) 3
S COMMON /U 1ST1/ LINEGPAGE sLIMITCARDIPRINT s INP4 IPUNCH4 IDATE +HOLE0T F 4
k. : COMMON M, 35727 DELTO cALFAR «THRTIL e GAMR (HEND sVIF s WY o HMF DT« TIMS ¢ XF oFU "‘
¢ ¢ 1FL o MACH L VIR oL IFT 4DRAG ¢ THRST s RCF JENGNO o THY ¢ IN 3
i COMMON ZLISTI/ ChelDeS+Q0 THIRJALTHR «CLMAX sARGCLARCMACG 4 ALPHD s CX o p
E - JE240 ¢ IMOM W INER CHOMP ¢0SC o ALMXR VSF 4B 5
S COMMON ZL15TAZ FFS.JPOWeTGROS JOWA s THUOM s THREQ 5
g COMMON ALIBTS/ S1G:SOUNDNUCTEMR,,PaND  TATI . TEMF JDS0DH 4 DRHO 4
S COMMON A_IST6/ QTODOTOH KTOF (FTOK \NRTOF FTONM JRMOZ «RHOZ2:GZoPLe T2 :
: COMMON AISTB/, INDEXCOFF BN« T ANATAXGAZ o [ TRV WVURPER 4
" COMMON /LISTIS/7 JALMXGINT ¢XEQOT «ZEDOV «NE 4 2E ¢ ILOOP DY IME AT o FLIF T :
T {OFLBCanT «GALM R - 4
2 COVMON ZLGEOM/ SHSK 1 SCR 1GD0T sRTHMICTATH o RVALLTRWADSTHZ s OWLHZ 1YY 4 X )
: 1CGI2CGCAARGPFNLSINTHICOS TR ANGLE « S INAL < COSAL s RMZ sDTHHZ « VTSGUDOT 3
s TEDOT ¢ THETR ¢ Ue's ki
- COMNIN/CONTROL L JF 16+ IREV e 1 5P W NENG b
k- COMMON /LIRT99/ LERR 3
3 3
k. PATE OFLORITPY (P 0B HOTATNG TBRY s YE2 TREV , AP HCDEF UCOEF DG TMe E
- , P EalOh oY TAPIPY SNPE-L JUY : PRS- PR TP T TN S IR L PO RSP T P PR L. Vs i
FATE CANNE 8%/ ,98,10,7 £
- S DATA PALIT) B8] @) /7 PRTSUSITO226. L OMIIZIONZ 002 ¢ L IHIDINT 44K 210128 3
: 180N BIS1 10N 0 21a0): 10MIGII00T 1284 1ONTIIOIVIAIT. i CHEQANOISI IS, 3
¢ CEPINITION OF VAGIAHLES In NAMELISY *L&MNDL E
< e T FLAR SETTING 1DES) 3
c HENG . CRETASLE HEIQWT (¥ 3
€ Qoreatrne QOYITION Q&YE DEG2SEL) '3
< VBEGKe  BINGMUM (ONTROL REED ON THE GHROWND ixTS) 5
: < VEL AR # winison CONYRD:, SPLED In THRE AIQ (2TH) :3
A < TR e TIWE OFLAY RPTER TOUCHDOWR FOT DERE M0 IZATION (SEC! ’
T < 0. YiwE ARLAY FFTCE TOUCHONWN FOR SOTILPE DY GYVENY (SEC: 3
v E r T ve TEWE OFLAY AFYES TOUDRDDEN FOi TRdut? SEVERSML (382) 3
Lk T tpe AT OF apfCLadim STECT YO wiw(ws CoMTLROL SPEED 3
s < PG Tae INEQEWENTRL, LOAD FRAOYSE SVAILAULE 2Y Twd ORSTACLE 3
TR £ QHTHe INLUESNENTAL LOAD FalY83 AYAILARE 2T THUTHDOUN k
X € CCOFFe  BULLI%NG COSFFICIENTY OF PRICTION %
3 i-17 k
3 ,;
k




L R R BN K AT

H 1oy
E 202

e e Aea el TEAATAR CEEEBERNRE A A e e e

‘
i
; : COEFs  BRAKING COEFFICIENT OF FRICTION
! c GAMMAS  INITIAL FLIGHT PATH ANGLE (DEG) (NEGATIVE 1S DESCENDING)
% c fASs MAXIMUM RATE OF SINK AT TOUCHNDOWN (FT/SEC)
& ¢ (POSITIVE 1S DESCEND NG
| c ROTPTs  EQUAL TO ZERO SUBRESSES PRINTING OF THME ENTIRE TIME HISTORY
< c THE FOLLOWING VARIARLES AQE ENTERED AT TIME OF LOADING AND ARE USED
g ¢ UNTIL OVERRIDDEN BY READING THE APPROPRIATE VARIABLES IN LAND)
B ¢ LD s 8060
(3 c HFUD = 5040
3 c ROTATN ® 8,0
? ' TBRK = 2,0
5 ¢ TSP 8 2,0
b < YREV u 2,0
L C APR = 1,10
¥ < DGYH » 0,30
& ¢ OGTD » 0415
L ¢ QCOEF & 0,410
o ¢ BCOEF e 0,30
% ¢ GAMMA » =7,%)
¥ ¢ RS = 10,0
: 4 ROTRT » 1.0
5 NAMEL IST/LAND I /DFLR JROTPT JHF OB ¢ ROTATN ¢ VMEGK o TBRK ¢+ TSP ¢ APR JRCOEF 4870
5 SEP ¢ TREV «GAMMA 2 £IS ¢ VMCAK ¢ DGTH DG TD
sl
4 iF (INWNEol) S0 TO S
£ PEAD(CARD +LANDY )
i WOTTE(PRINTJLAND])
H BETUAN
. 5 MEOUNSHF
! ME e HFRUNSCANT 050
CALL ATMOS
GHOSSRHOZ2RS GRS
YMCG & VROCGKOXTOF
VNCASVMCAK OKTOF
ApveAPR
CORF » 0,00
15080
fefved
: JEB o O
JOFY w
y M o O
; faLAX » O

WRITE (BRINY 1000
1CCT POQMATE NG «IX, eQUTELY DEFINITIONS « LANDINGS s 20K OSEGNENT & @,

CEYEQUINATION OF ANGLE OF ATTALK AT TOUCMUOENe ./ leX,
Q70 AVAILASBLE AT YOUCRDOWN « | ERGINE QU /o 14X,

: 3P DETEQMINATION OF oNGuE OF ATYACK AT THE DESTHOLES ./« laX,
S Ata  B/C AVAILABLY AT YME OBSTACLE - { ENCINE CuTe./.i4Xy
T 480 INYESRATION FRON ORSTALLE TO TOUCHOONNE /4 jak,
< AR TOULHDVEN TE NOSTOOUN INTEARATIONG e 1AK
:4 T3 LUNDIVIONS AT NQSFOMNNE . 2, (AN,
. B8 NDEFUOWN YO STOP INTEGORATIONS </ jaie
I orc  CONDLITIONS aY STOPe, /)
2 LINE o LINIYe}
E G0 ~n 8¢
2 ¢ CUTPUT Bk
3
o8
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EEEt
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e

35
40
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1008

45

v
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{1009

50

85
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T

g 00
2 6%
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e
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IF (ROTPT«NE«O,} GO TO 23
IF{({ISEC4EQs6)+OR (1SEGEQeBYY GO TO 35
IF (LINEWLTLLIMITY) GO TO 230

CALL SKIP

CALL HEAD(NL)

WRITE (PRINT.1008) HO(2T)

FORNMAT (1H44+1X4A10)

VTKuVTF#FTOK

GAMD=GAMR%RTOD

PCMab0 ¢ #VTFRS IN(GAMR)

THETD= THETR#RTOD

THOTD=GX*RTOL

ALFAD=ALFAR®RTOD

ALTHD=ALTHR#RTOD

WRITE (PRINT«1002) ISEG.HF +DFLP«WT¢VTKsRCMyTHETDsANJCL oLIFT1TGROS »

ITIMS o XEeZE«GAMD 4 ALFADs THOTD AT+ COWDRAG ALTHD

LINE=LINE+3

FORMAT (1HO4 111 46F124342F12¢5¢2F12430/012X46F1243¢2F124542F1243)
1€ (THRTLe«GTe149) GO TO 4&C

IF (THRTL«LT40,0) GO TO 45

GO TO (125¢1504175¢200425042604300433043%0)4 ISEG
1F(I1SEGeNE+1¢OR ISEGUNE «34ORs ISEG(NEsS) GO TO 38

WRITE (FRINT«1008)

FORMAT (1H 13X+ #THROTTLE GREATER THAN MAXIMUM POWER#*)
GO TO 35

IF(ISECeNES]1 ¢CRe ISEGNE+3+40Re ISEGeNE+S) GO TO 3%
WRITE(PRINT 11009}

FORMAT(1H +13X+#THROTVLE LESS THAN IDLE POWER#)

GO TO 35

SFT APPROACH SPEED = FACTCR TIMES STALL SPEED (POWER ON 1 ENG OUT)

IN=0
THRTL®140

CALL AERO!

ALTMR=ALPHD~W INCR+THIR

VTF&VSF

ENGNORENGNO=1 o

NENGe2

MACH: vTF1/50UND

VIFaUTF|

NSTEP=0

CALL THSTY

CALL AERO1

IF(JF1GsEQe2¢ ANDSVTF ¢GTale) CLMAX2CLMAX=((TGROS#SIN(ALTMR) )/ (RHOS#*

IVIF#VTE) )

VTFaSART ((WT-TGROS*#SIN(ALTMR) )/ (RHOS#CLMAXY )
YYTFs (VTIF1=VTF)/VTF

IF (ABS(YVTF ) LFE+0.0001) GO TO 65

IF (NSTEP+FQ.0) DMAC= MACH=VTF/SOUND
CALL NWRP2(DVMACYVTF {MACH,YSAVXSAVY
NETEP=NSTEP+1

IF (NSTEP.GT«15) GO TO &0

VTF 1 sMACH#SOUND

VTFsVTF}

GO 70 55

VTF aMACH#SOUND

VEFaVTE

ENGNO®ENGNO+1 o

NFNGeO

INE2
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VSXeVSF#FTOK

VAPFeVMCA®APY
1P (VAFPFE LT VMCG#APY) VAFFaVMCGRAPY
H IF(VAPF oL T «VSF#4PV) VAPF=VSF#APV :

IF(VAPF LT4VSF#SORT(1++DGTH) } VAPFeVSF#SQRT (] +4DGTH)
IFIVAPF LT 2 VSF#SGRT (1 +DGTD) )} VAPFaVSFE#SQORT (1 +4+DGTD)
£PV = VAPF/VSF

e B o A A

tAPVY=O
5 1GAM = O
% 70 VTFaVAPF
g VEPK eV APF #FTOK
5
g c DETERMINE ANGLE OF ATTACK AT TOUCHDOWN
% 100 VTFaVAPF
b TIMS » 0400
g;;; XE.OQO
é; 2F=x0,0
i Q0,40
5 INTEG=0
g NEsHFRUN+CANT
B IF (1GAMaEG+D+ORGAMRLY «GAMMARDTOR) GAMRRGAMMAXDTOR
& CALL ATMOS
: % PHOSxRHOZ2#S1G#S
3 0S=RHOSHVTFEVTF
kB MACHMVTF/SOUND
E ITRM = §
% GN=1.0
£ GTx0,0
& INDEX=&
] COEF=0,40
CALL AEQFM

THETR=ALFAR+GAMR~WINCR
{F (ALFARLLE+ALMXR) GO TO 110

TR O FUAS

IR,

O

INCREASE VELOCITY TO DECREASE APPROACH ANGLE OF ATTACK

3 105 tAPVR1APV4]
N APVImAPVHFLOAT (1APV) /100,
VAPEnYSFRAPV1
WRITE (PRINT«1003) APV)
1003 FORMAT(IH +13X¢16HVAP INCREASED TOWF7e33112HTIMES VSTALL /)
LINE = LINE+2
GO TO 70

S MATTIRARY

(2]

DECREASE GAMR TO DECREASE R/S TO MAXIMUM INPUT VALUE

110 1F (VTFHSIN(GAMR) +GE+=(RS#1401)) GO TO 115

GAMR®AS IN(~RS/VTF)

1GAMa 1 GAM+1

IF (1GAM.GT,20) GO TO 405

GAMD = GAMRERTOD

WRITE (PRINT,1004) GAMD

1004 FORMAT(IH +13X¢#MAXIMUM RATE=OF~SINK EXCEEDEDe GAMMA RESET TO#,

1FTe3+%* DEGH)

LINE = LINE+2

GO TO 100

ETRFLP R

s B R el

f e O, =

c CHECK THETA TO AVOID ¢TAIL HIT¢ OR $NOSEWHEEL FIRST! LANDING

115 IF (THETReGT«GALMXR=WINCR)GO TO 10%
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IF(THETR.GE4~0.001 ) GO TO 120

GAMRsW INCR=ALFAR

1GAMSs ]GAM+ )

IF (IGAMCGT20. GO TO 408

IF (GAMRJLTe0e( AMDVTFESINIGAMR) ¢GEs=RS) GO TO 100
GO TO 400

1SFG = |

GAMTR = GAMR

G0 YO 20

DFTERMINE R/C AVAILABLE AT TOUCHDOWN

THRYL = 140

INDEX = 3

ENGNO = ENGNQC=1,0

NENG=2

CALL AEQFM

ENGNO = ENGNO+],C

NENG20

THETR = ALFAR-WINCR+GAMR
ISFG = 2

GO YO 2¢

DETERMINE ANGLE OF ATTACK AT THE OBSTACLE

HF = HFRUN+CANT+HF 08

2E = MFOB

GAMR o GAMTR

CALL ATMOS
RHOS=RHOZ2#S1G*S
OSaRHOS*VTF4VTF
MACHsVTF /SOUND

GNm§ 0

GTx0e0

INDEX = 6

ITRM = |

COFFe0a40

CALL AEQFM™
THETR=ALFAR+GAMR=WINCR
IF (ALFAR«GTsALMXR) GO TO 10%
{SEGe]

vOBSsSsVTF

GO TO 20

OFTERMINE R/C AVAILABLE AT THE OBSTACLE

THRTL = [,0

INDEX s 3

FNGNO ® ENGNO=-t,0

NFNG=2

CALL AEGFM

ENGNO = ENGNO+1 40

NENG=O

THETR 2 ALFAR-WINCR+GAMR
18FG = &

GO YO 20

INTEGRATION FROM OBSTACLE TO TOUCHDOWN (DUE TO THE NO FLARE

LANDING TECHNIQUE USED IN THIS PROGRAM THE INTEGRATION 15 MADE
IN ONE STEPRP)

I-21
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20C GAMR s GAMTR
{F(GAMRJGE+040) GO TO 400
IF (THETRW.LTe=0,001) GO TO 4CS
TIME 1 =sHFOB/(VAPF#SIN(ABS(GAMR) ))
DISTIs TIMEISVAPF#COS(GAMR)
TIvSaTIMEY
XFsDISTY
Z2E=0,40
HF s HFRUN+CAHT
CALL ATMOS
RHOSBRHOZZ#S[G#S
QEeRHOSHVTF#VTF
ITRM = |
GN=1,0
GYs0,0
INNEX =S
COrFn,0
CALL AEGFM
THETRsALFAR=WINCR+GAMR
1SKG = S
GC YO 20

c INTEGRATION FROM TOUCHDOWN TO NOSEDOWN

250 TiMS=0,0
THRTL=0,00
XEIOQO
ZFu0e¢0
XEOOTaVAPF#COS (GAMR)
ZENCTa0,0
GAMR=20,0
ALFAR=THETR4WINCR
INDEX=}
INTe2
Os=ROTATN#DTOR
COEFsRCOEF
DTIME=Q,2
1LOOP=}
VTFaXEDOT

2%% VTFisVTF
CALL GINYG
{SFG = 6
GO TO 20

260 IF (ALFAR-WINCR) 26%.270+285
26% OT={WINCR=ALFAR)/Q
ALFAR=WINCR
VNDFs VTF=(VTF=VTF])/0TIMER®DT
XEaXE4+ (O e B#(VTF+VNDF )} =VWF ) #DT
VTFeVNDF
TIMSaTIMS+OT
270 TIME2=TIMS
D1ST2=2XE
186G = 7
INDEX =}
QS=RMOSHVTIFRVTF
MACHESVTF/SOUND
CALL AEQFM
THETR=0,0
GO0 TO 20

1-22
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c INTEGRATE FROM NOSEDOWN TO STOP g§
300 INTat o
DTIME=0.2 4
TIMS=20,0 &
XE=040 L
ZE=060 ﬁ
THETR=040 A
2ZEDOT=040 u
0=20.0 ¥
XENOT =VNDF 4
1LOOP=} 4
: 305 VTF1sVTF g
g IF (TIMS+TIME2,GE.TSP) 1SPa1 i
i IF (TIMS+TIME2,GE«TERK) COEF=BCOEF i
5 1F (TIMS+TIME2,GE+TREV) [REV=] %
' IF(ISP.EQe1+AND(JSP4EQe1) GO TO 315 ;
& IF (1SP.EQe0) GO TO 315 :
& JSPa} 4
B WRITE (PRINT,1005) ;
% 1005 FORMAT(1HG 13X #LIFT DUMPERS DEPLOYED#)
B LINE = LINE+2 :
& 315 IF (COEF¢EQe3COEF ¢ ANDsUBRKGEQs1) GO TO 320 4
5 - 1F (COEF4NEBCOEF) GO TO 320
JBRK = |

WRITE (PRINT.1006)
1006 FORMAT(1MHO ¢ 13X #8BRAKES ON#)
LINE = LINE+2
320 IF (IREV.EQel e ANDeJREV.EQ.1) GO TO 325
IF(IREVEQeO) GO TO 325
JREV=E !
NENGs |
WRITE (PRINT.1007)
1007 FORMAT(1MHOI3X+#REVERSE THRUST ON#)
LINE = LINE+2
325 CALL GINTG
1SFG = 8
GO TO 20

19

,Wl
B PSS

B S e

S ot R i R i B s

330 IF(XEDOT=VWF) 33543404305
338 DT = (VWF=XEDOTY)/(VTF1=XEDOT)I#DTIMF
XE = XE+(CoBR(VWFEXFDOT)I=VWF )#DT
TiMSaTIMS=DT
340 VTF = VWF
1SEG = 9
INDEX=]
QSSRHOS#VTIF#VTF
MACH=YTF /SOUND
CALL AEGFM
GO TO 20

O e T T T R TN T i R g o

C OUTPUT SUMMARY OF LANDING

350 GAMT=GAMTR¥RTOD
GDISTsDIST24XE
GTIMERT IME24TIMS
TOIST=GDIST+DIST!
TTIME=GTIME4TIMEL:
VAPK =V APF#FTOK
WRITE (PRI T4108C) GDISTIGTIME ¢GAMT +DISTL s TIMEL s VAPKeTDISY o TTIME V

18K A




1080 FORMAT(1H=010X 41 THGROUND DISTANCE =¢F8e1¢3H FTe4Xe13HGROUND TIME =
14F6,204H SECeAX 4 13IMGLIDE SLOPE ®¢F642¢4N DEGe//+11Xs10HATR DISTANC
2F moFBe14IH FTo8Xe
3 1OMAIR TIME =¢F6e¢2¢4H SECe 8X¢16HAPPROACH SPEED seF6e
8244H KTSe/7411%s16HTOTAL DISTANCE #¢FBs§e3H FTeSXe12HTOTAL TIME =me
BFEe2+4H SECe 6Xe13HSTALL SPEED siF6,204M KXTS)

RETURN

c OUTPUT SECTION FOR DEFAULT NOTES

400 WRITE(PRINT 1051}
1081 FORMAT(IHOs9IX s #GAMMA 1S GTe OR EQe TO ZERO = RETURN #)
RETURN

408 WRITE(PRINT1052)
1052 FORMAT(1HO+OX+#THETA 1S LTe ZERO = CONFIGURATION LANDS NOSEWHEEL F
11RST = RETURN#®)
ALFAD = ALFAR®RTOD
GAMD = GAMR#RTOD
THETD » THETR®RTOD
WRITE(PRINT+1053) ALFAD+GAMD+THETD
1053 FORMAT(1HO 12X ¢ #ALPHA s#4FTe3¢# DEG®¢/¢ 1 IXo#GAMMA a2 4FTe3¢# DEGH.
1/7313XRTHETA a% F743+8 DEGH)
QFTURN

END

1-24
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SUBROUT INE LOOK (NX¢XCoNY+YCINZ¢ZCeB¢B2) LOOK %

¢ 6400 FORTRAN SUPRCUTINE WHICH DOES FOUR POINT LAGRANGIAN LOOK .

c INTERPOLATIONS IN THREE DJRECTIONS FOR TWO DEPENDENTY VARJABLES. L.ooK 3

LOOK 3
4 XCe YCo AND ZC ARE INCREASING LISTS OF THMREE INDEPENOENT VARJABLES LOOK i

c 8 AND B2 ARE DEPENDENT VARIABLE ARRAYS CORRESPONDING TO ALL LOOK g
c COMPINATIONS OF THE INDEPENDENT VARIABLES BY VARYING FIRST XCo LOOK A
¢ SFCOND YC AND LAST 2C. LOOK 3
c ND = ¢ WILL RETURN A VALUE OF B AS ANS AND A VALUE OF B2 AS ANSZ LOOK 3
c FOR SPECIFIED VALUES XAsYA AND ZA OF XCoYC AND 2C. 7APR2 g
c NO = 20 WILL RETURN A VALUE OF 82 AS ANS2 FOR SPECIFIED VALUES LoO0K 3
c ANS'XA AND ZA OF BeXC AND 2C, TAPR2 i
' c ND = 3o WILL RETURN A VALUE OF B8 AS ANS FOR SPECIFIED VALUES LoOK &
¥ ¢ XAs YA AND ZA OF XCoYC AND ZCe 7APR2 3
& c ND ® 49 WILL RETURN A VALUE OF YC AS ANS2 FOR SPECIFIED VALUES LooK ¥
£ c ANS+XA AND ZA OF BeXC AND ZC, : TAPR2 i
4 c NDER(1) » GREATER THAN ZEROs CALCULATE DB2DX AND/OR DBDX, LOOK P
7 ¢ NDER(2) = GREATER THAN 2EROs CALCULATE DB2DY AND/OR DEOY, LOOK 3
% c NDER(3) = GREATER THAN ZEROe CALCULATE D82DZ AND/CR DBDZ, Loox 5
: c THIS SUBROUTINE CALLS FOR THE FOLLOWING ENTRIES, LOOK 4
: ¢ LAGRA+INTP2 LOOK i
- LOOK 5
£ DEIMENSION XL (S) oXMI20) o XNC1GC) ¢YL(S) ¢ YMI20) s YN(10) 4 YLL(S) e L.oox 3
£ 1 YMMI20) YNN(10)eBC1)4B2(119XCE1)eYCI1)e2CET) Loox 3
L COMMON/LISTO/ANS s ANS2eNDsXA¢ YA+ ZAs INDIC« IFLAGINDER(3) +DBOX+DBDYe  LISYY |
i ® DRDZDA2DXDE2DY(DR2D2 LISTS 3
3 c THIS EQUIVALENCE STATEMENT 1S NOT USED IN THE MILSTOL PROGRAM 3
g ¢ FOUIVALENCE (Lo1)e(K M) 00K 3
% OWOX(W) » C344We(2.0C2+wWa3,0C1) TAPR2 B
& ASSIGN 330 YO [wHIT 3
% LOoOK g
i INDICeY : LOOK %
s LINX = LINY £ LINZ = O LOOK E
& DO 10 ImtoNX LOOK
| IF(XA=XC([)111420410 TAPR2 %
3 10 CONTINUE LocK %
11 » Nx=1 LoOX 3
IF = NX ' g LoOX )
LINK & § Loox §
Go 10 2% ' ' LOOK 3
11 1PE5=2)120412418 , Loox 5
120 11 = ) LO0x 2
- IF - 2 _ LoOx &

LINX e } LooxK
GO YO 25 _ LOOX '
12 1«3 ' : LOOL E
1% IPCleNR)I17016016 LOOK El

16 T & NXe) ' LOO0x G

E 17 1t . 1=2 ' LoCx ¥
B IF a o) ©LOox !
5 GO T0 2% LOOK 3
o 20 IF(NDERUL)NELCIGO YO 1) LOUK
1t =1 LooK ks

IF o ! : LoUK %

2% GO TOL2B426¢28426)+ND 100K %
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e, AT THOE S I AT ” ik e

b e e

JE = NY
GO TO 43
28 N0 30 JsjeNY
IF(YA~YC(J) 331440430
30 CONTINUE
Ji = NY={
JF s NY
LINY = §
GG TO 4%
31 [Fid=2)31%5¢32¢35
318 Ji = |
wH a2
LINY =
GO T0 45
2 Je
A5 IFtJ=NY 13743836
16 J s NY=-{
37 J1 e J=2
T MR Je)
GO T0 as
40 1P(NDERQI2INELDIGO TO )
J1 = J
JE e J
4% DO 80 K = }¢NZ
IFI2A~2CIK) )51 460480
®0 COMTINUE
K]l & N2Z»)
KFPr s NZ
LINZ = )
GO TO 65
) IF(K=2)18]15:52+55
2318 K1 &}
KF =& 2
LINZ = |}
GO Y0 &5
a2 K v )
BE (FiK~NZ)157¢55:%8
®A ¥ = NZ=}
87 X] 8 K=?2
xrE w Keél
IFLIFLAG)IOB. 60,578
S8 IPIKF~L IFLAGH ] ))168:58.59
88 Kl » 1PLAG=) '
KR » IFLAG
GO Y0 6% _
BO 1P IKI=1FLAG)INGN 68468
408 ¥t e IFLAD
KP o IFLAGeD
GO 10 69
&0 1PINDERIDILREL01GO TO 5)
Xy &« X
e o ¥
4% WL{1) » X&
AKNi1) @« YA
HNIYY @ 2T
IFINDED (1) .E8Q.C)G0 TO 200
IPATH » | .
G0 Y0 108

200 IFINDERL])£GL.0)60 TO 223

IPATH » 2
GO O 310

LOoOK
LOOK
LOOK
TAPR2
LoOK
Loox
LOOK
LOTK
LOOK
LOCK
LooK
LOOK

Lo0K

BB (A SRR ST et

%

%
g
k3
g
k-
2
4
=
&
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2 210 IFINDER(2)4E040)G0 Y0 220 LOOK
. IPATH » 3 LO0K
GO TO 320 1.00K
220 IFINOER(])sEQeOLNDNDERI2)4EQ 0G0 YO 222 00X
221 1F(MODINDe2) oNE ,Q)RETURN LOOK
222 IPATH = & LOOK
GO YO 320 .00k
300 17 = ) LOo0K
DO 1500 Mex}oxkF L.o0K
12 » 1241 LOOK 2
310 Ix = | LOOK el
00 1200 L=fleIF LOoOK
IX & IX41 L.00x 3
320 1y s LOOK 3
00 1300 JJ = 21.JF LOOK E
1v = 1¥e) LO0K
IFCIPATH.LY4)GO TO 330 : LO0K
IF(MODIND2)4NELCIGO YO 330 LoOX
J 8 KYel=yy : LOOK f}g‘
GO TC 340 LOOK 5
330 y e U : LOOX 4
340. CONTY INUE 3
IFLIPATHEQ.L) 6O TO lunITe¢300)
12 » _ LOCK
T2 & 124} L.OOK
IF{IPATHOEC.™: 30 TO 1wMITet300) 3
I = | ' ' LOooK H
D0 1900 1s11eiF L.GOxK
IX » IXe} LOoK &
380 LUK ® [eNXB(J=)eNYEIK=1)) LOOK
GO TOL36CI¥T4IB0IDO)IPATM Lo0x =
J60 vMelY) = B(EUK) LO0x ;
IFINDLCL2IYMML Y)Y » B2LTIUK) OO 3
GO T0 a0 : 1. 00x
370 YNIIZ) = AL1JK) LO0K
IFINDALE2IVANGEZ)Y & A2t 1K) LOOK
GO TO eC8 ' Lo i
380 ¥LitX) = Bi1Jx) O LOoK
IFIRDALEZIVLELIXY u B2¢EK) LOOK {
C %00 MLEENY = MTU]) Lo
FFILINXLEQ.CIGO TO 188 L. 00K
YRUIZY @ AL INE2 XL oYL oXA) ¥APR2
IFINOWEQIYNMIITY = ALINIZ2oXLeYLL X4} TARDR
GO YO a8 LOOK
388 IFLILNELIFICO YO 400 LOO0K
YRIIZ) & YLUIN) _ Lo
WRNEIZY) o YLLUDX) LGOx
G0 YO 608 LOUK
40C 1) v O . Lo
CALL LAGHEIXL YL IND) . Lo
YNELZ) = ML) _ : LOOK
P INDLCY2)GO TO A0% ) Lok
CALL LAGOAINLeYLL e IND) L0
vl id) = TLLEY) _ LO0K
208 MNI12) e ZCIK) . LOOK
14C0 CONT INUE LOx
IFILINZ LECMIL0 YO aDd LOOx
VMILY) & ALINID ¥NYNLTA)Y apns
IFINDLEL2)YMME VY & ALINEZ2oNN, YN ZA) raeR?
GO TG alo LODK
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408

420

430

1300

438

450

480
480
490

1200

498

N9

‘1100

S TS

IFIK] oNEJKF)IGO TO 420

YMUIY) = YNILZ)

IFINDGLE2IYMM{LIY) = YNNIIZ)

G0 70 &30

IND & O

CALL LAGRA(XN YN IND)

YM{IY) ® YNIL1)

IFIND.GT«2)GO TO 430

CALL LAGRA(XNIYNNe IND)

YM{IY) » YNNLLY

AMEIYS w YCLI)Y

IF(IPATMIEG.8YGO TO(1300410341300¢989 ¢ND
CORT INUE

IFILINYLEQ.0IGO TO 428

ANS 8 ALIN{2:XM,YM,YA)
IFLIPATIHL,EQ,3)0P0Y & SLIZ2¢XMYM)
IFINDeGTe2)G0 YO 460

ANS2 ®» ALINI2sXMeYMMYAY
IFLIPATH,EQ:31DA2DY o SLI2¢XM,YKM)
GO 70 a&0

1F UL eNEQJFIGO YO 480

ANS & YMILY)

IFINDLES2IANS2 w YMM{LY)

GO TO ago

CALL INTOR2(B MM YM  YA(ANS+C1oC24C3:CH)
IF{TPATHEQLWIIDADY s DWDX(YA)
IFINDGTL21GD TO 480

CALL INTPZ2(D XMy YMMoYALANSZ 103 eC2eCIeCH)
IFCIPATHLE0.3)DP2DY & DWDX(YA)Y

17 IPATH]1490,22) (48(

GETURN

VLEIX) @ ANS

IFINDLEC2)IVLL 1 IX) » ANS2

XL ¢IX) = XCt(1)

IFILINRFQN15D 1O 498

ANS & ALIN(2eNL oYL eXA)
IFPLIPATHEQ2)IDBOX & SLE24XLsYL)
1FNDaGT L 2160 TQ 522

C ANS2 ® ALTNE2%, s YLL A XA)Y

IFTIOATHLED.210020% » SLI2aML VLU Y
GO YO =22

IF(IT1eNELIFIS0 TO %4D

REI2) = VLETX)

IPINDSLEL2IYNNILIZY o VALLULIX)Y

&0 10 1100

CALL INTOITHHL (YL XA IANS O 1 C24CDeCO)
IFEIPATHL.EO2I0RDK » QUDRIXA)
IEINDLGY 2360 TO 422

CALL IMNYRP2ISeML YLLAaMALANS2eC) o C20834CH)
IPLIPATHLEC 210820 « OuWDX(XA)
IFLIPATHGED.2160 Y0 210

YNETZ) & ANS

NIIZE e ANG2

NNL12) o 20iK3

TRILINZLE0DIN0 YO %528

ANS ¢ ALINEZ XN VN 24}

OBROT 8 5L (248N

IFINDGY 2100 YO 200

ENEP » ‘L'N'a;x".?n)’.z‘]

OR2DT @ S 12.XN,vHN)

G YO 200

e e oo

LOoOK
LOOK
LOOK
LOOK
LooK
LOOx

Loox
LOOx
LooK
LoOK
Loox
LooK
00K
TAPR2

“LOooOX

TAPR2
LOOK
Laox
LOoOx
LOOK
LOOxX
LOOX
TAPR2
TAPRZ
00X
TAPR2
TAPR2
LOOx
LOOK
LOooK
LOO0K
Lok
LA0x
TAPR?
LGox

TAPRQ -

LOOK

LOO

wOOK

T 400K

Q0%

TAPQR
YAPRZ

TAPRZ

TAPR2

L OUx
LOGx
Lobx
LOOx
L0
Yabaz

Lotw
TAPR?

Lo

I D S Lt M AR AR SRS e

g

o
3t

o
SLTA

;
3
i
&
]
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928 JFIKI¢NEWKFIGO TO 540 LoOoK

NS ® YN(IZ) T LOOK
ANS2 ® YNNI(12) LOOK
580 CALL INTPR2(BsXMeYMyZALANS+C14C2¢CIeCH) TAPR2
: ORNZ & DWOXIZA) TAPR2
b IFINDeGT 2960 YO 200 LO0K @
CALL INTP2(SiXM,YMMZAsANS2¢C1eC2¢C34COY TAPR2
2 0P2DZ 8 DWOX(ZA) TAPR2 i
GO TO 200 LOGK
3 Q8 YMM(IY) s XM{lY) LOOK s
100 1F(JaNYS1C141064106 : LOOK
$01 F1U=131C74107802 LO0K
= 102 1F(JJ=3333004130C4124 LOOK 3
i 104 IFUANS-YMO]Y=1)91303e11%110 LoUK N
106 IFCANS=YMIIY)I13C0,116e01a LoO0K 3
JOT IFCANS=YMITY))1134116411C © 00K
< 110 CALL INTR2(IVeYMiYMMGANSI1ANS2¢C)oC2eCI0Ca) .00 3
1¥ = jv=4 TAPRZ ’§
& N 111 Is)es TAPR2 4
17 & 1Y) TAPR2 §
g J " NYe2=1Y TAPR2 3
3 111 YMMEIY)Y o YCUJ) TAPR2 &
CALL INTPZ([YeYMoYMMANS¢YA+C) sC20C30Ca) TAPRR p
PETURN LooK i
4 113 INDICe2 - LOOK i
£ G0 YO 116 L.OOK ‘§
B 118 INDICe3 LOOK
= ONS ® YM([Y) : LOow
& 116 ANSD « YMM((Y) Loex ;
B J ® NYaRelY APz
B YA e YCiJ) 7TABR2
BFTURN _ Lo ‘
5 11% tY 8 [V~ ‘ A TAPRY
= GO TO 116 _ 74RR2 i
?‘ N0 LOOK ;
SOBROUY INE NERP2IONYINGE IN.YSAVIKEAV) &A i
¢ G420 FORTOAN SUBHOUTIRE YO DO 5 NEWTON WR&PSLON LINCAR CONVERGENCE. A4 £
Ax -
17 t0%) 12020410 : Py §
10 VEIUNVIN ' aA
NEBVEXIN ’ aa 5
WENSR I NSOR : an -
DX, 0 aa
TGt YD 30 as
20 Aep'N Az
AINSKIN=VINS{ K INHSEVI SV NS YSAY) Ax
xLAVeR &% o
YEAVE VLN ‘ 2% ' ®
36 fETURN Ak

€y AL




SUBROUTINE SKXIP ' Al

c 6400 FORTRAN PAGE EJECT SUBROUTINE. AL
Al

INTEGER PAGE +PRINT;CARD AL

BEAL LIFTMACHNY ‘ , AL
DIMENSION HEAD(16) +NAMEL(]IC) ' AL

COMMON ZLIST1/ LINEJPACELINITICARDIPRINT ¢ INP ¢ IFUNCH: IDATE HD(60) AL
COMMON /LIST2/ DELTDsALFARTHRTL sGABRIHIND o VTF o WT oHF eDT o TIMS o XF oFU AL

1L «MACH s VUF sl IFT o DRAG e THRST s RCF «ENGNO ¢ THV ¢ IN AL
COMMON /LISTI/ CLeCD¢SIGSsTHIRALTHRICLMAX cARVCLARCMACGALPHDoCXe AL
$CZa0s IMOM oW INCR yCMDMP ¢ QSC o AL MXR ¢ VSF 2 BW AL
COMMON /LISTS/ SIGsSOUND NV« TEMR +PARB ¢ JATM ¢ TEMF +DSCDH«DRHC AL

DATA (NAME(1)sIslolU)/)CHSTANDARD A+OHTMOSPHERE « 1CHTROPIC TEMIMPE AL
{RPATURES « 10 POLAR TEM«FHPERATURES s 1OM HOT TEMONRPERATURES 10 C AL
20LD TEMINPERATURES/ KL

DATA (MD(1)e181¢5G)/710M 2 10M AIRSPEED!TM ALPrHALION AL
1ALT ERROR;OH  ALTITUDE » 10M AX84¢10M AZt010H ClLe AL
2tnm CO10M DISTANCELICH DRAGsION ELEVATOR 10N FUEL V AL
ASPNI0H FLY . PATH.IOM FUEL « 104 FUEL FLOWs1I0N HEIGHT 104 M AL
SO00% HT o+ JONMORJZONTAL ¢ 10K LIFTI10MLOAD FACToi1OM  MACH NOGe¢1O AL
SEHNOR, ACCEL 10N QS+ 10K RANGE ¢ JOHRZC ACTUAL » 5OM SEGMEN AL
6T 10M SEPLICH SEPI/WF ¢ JuH SPe RANGE ¢ JOMTANe ACCEL 10N  THR AL
TOYYLE ¢} TN THETA«ION THETA JOT1ONMTH DEL OPT.10H TIMEL IOH AL
a WEIGHTICH (DEGREES) ¢ JUM (FEEY)Y+ 1CM (F/75/751s10M (FT/LB)e AL
QINM  (FT/MINIGION  (FT/SEC)elln (GielON (RNOTS)e 1 OM iLe/ AL
SN o JOK (MENUTES) o JCH (N MIZLBYItON (N MILES) 10 (PERCENTI 10N § AL
SPAUNDSY 1M THRUST W 1LHR/C INSTANG JOM TEME o 1 QM tOEG F)e10 &L
1 FLARLION (SECONDS) ¢ JONTHSY ALPHAIOH (DEG/SECY/ &t

THE TNRUT CONSISTS CF TWO ALPHANUMERLIC TITLE CARDS

Cann 1 = COLUMNG 2 THROUGH 20 ARE RESERVED FOR ENGINE
IDENY IFICATION
COLUMNS 21 THROUGH BC ARE PRINTED A% A TIiT.E LINE

CAZD 2 = COLUMNS | THROUGH OC ARE SQINTED &S A SECOND
TITLE LINE

[s X3 RaRalaNal

IP TINGNELY) GO 10 1 C

OFa0 (CARGWIICY (NFAD(IYal8l416)
130 FORNAT (1N A, TALT/68410)

OF TURN

10 Caty SECONDLT)
RITE (BOINT VALY I02TE (Y .PACE
T1A0 POINAT (1N AKX ¢2THATNCRAFY DEQPURMANCE 89X 4104 {ONF 10,2 45X SMPAGE
1«1} e ) -
RERGeENGED :
WRITE (PQINY ST MENG»MEADL 1 ) o EADI2Y S
180 FPOEMAT (iM 28K, ]2¢ TROINEGAQAIDE 5 e $F%,0¢ 50 FT o)
If LIRYRLEQ,W%) 88 Y3 aC )
1 (AT EG.Y ANG DY B WL y) 6T YO 32
S ¥4 1 {A¥Wel )
FOLTE IPQINTJAT) NANE (R Yo NARE (N)
160 POGMAT (JHS B%X 4210249

P

rreeralerrrer B2ER

(2 L7 QR R e S SR ot R i R S AL R R L
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R—— v ﬂﬂﬂi}fs"@ﬁég&?%ym&f CETEINERY

&
&
z
_.comco o ' . AL =
20 WRITE (PRINT+17C) TeME _ , AL 2
170 PORMAT. ( 114 «BAXI2NTEMPERATURE® oF S [ ¢ SHOEG F) AL g
SO TO 40 , o a 5
. 30 WRITE (PRINT.18C3 OT - s AL }
180 FPORMAT (11 +BAXSHTEMPS F5,1412HDEG FROM STC) AL i
40 WRITE (PRINT.190) (MEAD(1)eludel1d) AL i
190 FORMAT (38X 6AL0/729X8410) AL H
PAGESPAGE+] o AL E
IF (ING.GT49) GO TO &C - AL i
77 GO 10 (60460460:60480090e 661:6C480)¢ INP AL g
S50 [P=INP=1S AL 3
GO YO 120
60 LINEsS AL i
. RFTUAN AL !
B0 WRITE (PRINT210) AL :
210 FORMAT (20X.#STOL TAXEOFFS) ]
60 10 320 AL 3
" 9G WRIYE iPRINT.229) AL :
220 FORNAT (2CXe®STOL LAND&NG') §
120 LINEsS A {
BETURN AL ;
. ' _ ' - AL !

R S e B R e

i pblistat

Lo ARBETION SLileXeY)y

szﬁ&**ué'sss;a§s;;,.
B e (velera-vign ;;xgaaygsxcfii
orvyse _ : A
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SUBROUTINE SMLT2{NSCL.CN)
GEUNERAL STMULYANECUS EQUATION SOLUTION SUBROUTINE.

NSO, & KOs OF SOLUTIONSIMAX &3¢ CN @ COEFFICIENTSe EGUATION FOCRM
CNCELToL) o CNETe2IAC1IGCNIT o IIAIR)I 0o eCNITNSOLSL JAINSOL )

WHERE | TAKES VALUES 1 THROUGH NSOLe AND Ail) 2RE SOLUTIONS.
SOLUTIONS ARE RETYURNED AS CN(l4l)e

DIMENSION CNIGT)

f1eNSOL
40 Y0 20
IRL 21
JJsllel
00 60 telel
$7 CNLU1e2J)eEQa0.0
IF 1+GYs1 ADD EQ 1 TO EQ (.
1F 1.EQel FIND LOWESY f(sN) WHERE CN(IeJJ) 4 NE0eCo
AND ADD EQ N TO EQ &,
IFICENIT o JJ) oNEL06D¥GO TO 30
™) 32 Nelotd
IFICNINS JJ) «NEL0L0)IGO TO 38
CONT INUE
wWR1YE(6.)G00 VI
FORMATY { JOXOMNCOL UMM 2Xe § 2+ 2XBHALL ZERQ)
SYOP
00 38 Me) iy
CNETaM) & CNLTJMISCNINGMY

DIVIOE Q0% BY CNileJdd)e LEAVING Jo IN LASY OR JJ COLUMN CF
CURRENT MATRIX,

QCPRel «/CNE T 0 J)

00 40 Jmpo by
CRtlsd.mCNL) s JYORCR
COMNT INUE

STORE EGUATION #OR CALCULATING SOLUTION IN EMOTY COLUMN.
LAST NUMEER STORED 1S FIRST SOLUTION,

0o 83 jeterd
CNElsJIY & CNlle1Y
fLeli~}

% tIL) QD400 70

MER 1L, % O YNE FIRSY SORUTION 1S CORDLEYE.

ABRUF ING 1IN EACH LAST COLUMN, SUBRTIACYING SUCCESSIVE EQUATIGKRS
2ESATS 1N ONE CESS EQUATION EACHM WIT- ONE LESS UNKNINN

o BY el

2wt e)

o0 AS JelelE
CRUAJ el Nt e Jyal 13, 0y
S0 Y00

0 NS -1t (DD IFDNIQD

CALULATE REMAINIRG SGLUTIONS STORE IN SIGST COLLWN,

o 11T Je2 NSOy

Jiwteg

(e IR FREE HUTE RIS

HMalt~t

0 180 JSeja

Foe2s

LA IS TRRL I IR R« TP U IR 1y "3 O FY SN
e vy 50N

TN
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SUBROUT INE TAKEOQOFF
&8N0 FORTRAN IV TAKECOFF SU3RCUTINE
STOL TACTICAL AIRCRAFT INVESTI{GATION GROUND RULES =~ JULY 1972

THE® BOUNDARIES OF THIS PROGRAM ARE =
VR GT OR EQ TO VI AND VMC GROUND
VLO GT OR EG TO VSC # VMC ALIR
ALPHA AT LIFTOFF LT OR EG TO GALMX (AERO INPUT)
ALPHA DURING ROTATION LT OR EQ TO ALPMX (AERC INPUT}

THIS PROGRAM CALLS THE FOLLOWING SUBROUTINESS
ATMOS ¢ SKIP¢HEAD + THST 1 ¢« NWRP2 4 AEROL ¢ AEQFMeGINTG

INTEGER CARDWPRINT 4 PAGE
REAL LIFT«KTOF ¢MACH sNUNMTOF

NIMENSION NL(8)

COMMON /LISTL/ LINEWPAGESLIMIT+CARD+PRINT 4 INP s IPUNCHs IDATE +HD (60}
COMMON /L IST2/ DELTDJALFARsTHRTL ¢GAMRIHIND s VTF ¢ WT +HF 4DT s TIMS e XF o FU
1ELeMACH WWF 4L IFT+DRAGs THRSTIRCF +ENGNO s THV ¢ IN

COMMON /L IST3/ CLCDsSsQS+THIRWALTHRICLMAX AR CLARICMACG¢ALPHD ¢CX o
1CZ4Qs IMOMJWINCR CMDMP 4 QSC s ALMXR ¢ VSF o+ BW

COMMON /L1ST4/ FFS+JPOW ¢ TGROS «DWA s THMOM s THREG

COMMON /LISTS/ SIGeSOUNDINUITEMRPAMB, TATM ¢ TEMF ¢DSODH +DRHO

COMMON /L IST6/ RTOD«DTORIKTOF s FTOK ¢NMTOF 4 FTONMRHOZ ¢ RHOZ24GZ P2+ T2
COMMCN /L1STB/ INDEX+COEF +GNoGTsANJAT AXAZ ¢ I TRM ¢ VUPPER

COMMON /L 1ST15/ TALMX ¢ INTsXEDOT«ZEDOTeXEWZE+ ILOOP«DTIME+IATAFLIFT o
1DFLP+CAHT s GALMXR

COMMON /LGEOM/ SHSWsSCRIQDOT sRTH«DTHTHeRWAIDTHWA +DSTHZ sDWLHZ ¢ IYY o X
1CG+2ZCGeCBARIPFNISINTHeCOSTHIANGLE ¢ SINAL ¢COSAL tRHZ«DTHHZ s VTSG+UDOT «
2WDOT s THETR ¢U W

COMMON/CONTROL/JF I1Gs IREV+ I SPyNENG

COMMON /L1ST9G/ lERR

DATA VSCODFLDQRCOEFQBCOEFQQOTATNQROTPT'T!MRQTIMBODGLO/I00502500010
1063480404l c1244001C/

DATA (NL{T)six]14B)/10HOSS563702264+10H3323082052410H3938514542410H38
1400151514 10H361017140341CH3431091158,410H57363923838,10H5940015138/

ODFFINITION OF VARIABLES IN NAMELIST ¢TAKEOF1 ¢

VCS = RATIO OF LIFTOFF SPEED TO AIR MINIMUM CONTROL SPEED

DGLO® INCREMENTAL LOAD FACTOR REQUIRED AT LIFTOFF

OFLP=FLAP SETTING IN DEGREES

RCOEF s ROLLING COEFFICIENY OF FRICTION.

BCOEF = COEFFICIENT OF BRAKING FRICTION

VMCGK2 MINIMUM CONTROL SPEED ON THE GROUND (KNOTS)

VMCAK = MINIMUM CONTROL SPEED IN THE AIR (KNOTS)

RCOTATN ROTATION RATE (DEGREES PER SECOND)

TIMF = REACTION TIMR FOR ENGINF FAILURE (SEC)

TiMe = BRAKING NDELAY AFTER ¢TIMR¢ (SEC)

ROTPT EQUAL TO ZERO SUPRESSES PRINTING OUTPUT FOR
SEGMENTS 446 AND 8.

THE FOLLOWING VALUES ARE ENTERED AT TIME OF LOADING AND ARE USED
UNTIL OVERRIDEN B8Y READING THE APPROPRIATE VARIABLES IN TAKEQF:

K
E:
:
*
3
3
2

TR I T e

F




et e e e LT 3 et T TR - RS STREITYE Lot e ke r e

VSC® .05
DGLO=0,410
DFLD=25,
RCOEF=0,410
ACOEF=0430
TIMRx},0
TiMB=2,0
ROTATN®S 0
ROTPTx=],.

DO OOOOOOOO

NAMEL [ST/TAKEOF 1 /VSC «DFLP s RCOEF « BCOEF ¢ VMCGK ¢ VMCAK +ROTATN ¢
190TPT« I IVR«TIMBOGLO

IF {INsNEe1} GO TO 10
REFAD (CARDWTAKEOQOF1)
WRITE (PRINT:TAKEOF1)
OFTURN

$10 HFRUNSHF
HF s HFRUN+CAHT
IBAL =0
CALL ATMOS
RHOSERHOZ2#SIG#*S
VVMCA = VMCAK#KXTOF
VMCG = VMCGK#KTOF PRE
ViFeVRCG
V1sVMCGK

o)

WRITE (PRINT.914)

914 FORMAT{1H] ¢3X+ ¥OUTPUT DEFINITIONS « TAKEQFF#4/44Xs¥SEGMENT = %,
1#1 DETERMINATION OF LIFTOFF ANGLE OF ATTACK®¢/414Xe
242 [NCREASE VLO TO AVOID GROUND CONTACT#,/+148Xs

gy

5
: 3#3 R/C AVAILABLE AT LIFTOFF = 1 ENGINE OUT#4/414Xs
£ a%¥a VLO TO VR INTEGRATION STEPS#4¢/s14X0
S 545 CONDITIONS AFTER VLO TO VR INTEGRATION#¢/¢14Xs
3 6%6 VR TO VF INTEGRATION STEPS#4/414X,
£ 7%#7 CONDITIONS AFTER VR TO VF INTEGRATION#4/¢14X0
& 8#8 VF TO STOP [NTEGRATION STEPS#¢/+14Xe
£ 9#9 CONDITIONS AFTER VF TO STOP INTEGRATION#4¢/414X0
i 1%10 VSO TO VR INTEGRATION STEPS#:/414Xq
¢ 2%11 CONDITIONS AFTER GROUND RUN TO VR#¥)
A LINESLIMIT+]
3 GO TO 150
c OUTPUT BLOCK.

20 IF (ROTPTNE«D,) GO TO 3L
] 1F ((ISEGEGA) ¢OR¢(ISEGeECeS)sORu{ISEGIEQ8) eOR4 (1SEGLEQRL10))
3 160 TO &0
30 IF (LINE=LIMIT) 50440440
40 CALL SKIP
CALL HEAD(NL)
WRITE (PRINT+913) HD(2T)
Q13 FORMAT (fH+¢1X4A10)
80 VTKaVTF#FTOK
GAMD=GAMR¥RTOD
PCME60 #VTF#S IN(GAMR)
THETOsTHE TR#RTOD
THDTD=Q#RTON
ALFADSALFAR#RTOD
ALTHD S AL THR#RTOD

YRS
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60

140

170

171

WRITE (PRINT«912) [SEGeHF ¢eDFLP «WToVTKIRCMiTHETDsANeCLILIFTeTGROST
1IMS o XE+ZE ¢ GAMD 4 ALFAD s THOTO s AT« CO+DRAG ¢ ALTHD

LINEsL INE+3

FORMAY (1HO.11146F124342F1245¢2F1203/12X+5F1253¢3F124502F1243)

GO YO (250¢2104570¢610¢6T7Ce6BC+T00¢ 7307508204950} 4+ 1SEG

SET REQUIRED LIFYT~OFF SPEED (POWER ON STALL LESS | ENGINE)

tN=0

CALL AERO}

ALTMR = ALPHD-WINCR+THIR

VYIF1 = VSF

ENGNO = ENGNO=1,

NENG=2

THRTL=1,00

MACH = VTF1/30UND

VTE = VTF]

NSTEP = ©

CALL THST!

CALL AERO1

IF(JF1GeEQe20AND e (VIF+VUWF ) eGTe1¢ }CLMAXRCLMAX=( (TGROS®*SIN(ALTNR) }/(
IVTF4VTF#RMHQS) )

VTF asSQRT({WT~TGROSH#SIN(ALTMR) )/ (RHOS#CLMAXY))
YVTE & (VTF1«VTF)/VTF

IE(ABS(YVTF)=0,0001) 174174417}

IFINSTEP)Y 17301724173

172 DMALC = MACH=VTF/SOUND
§73 CALL NWRP2{DMAC+YVTF «MACH:YSAVIXSAV)

NSTEP = NSTEP+1}
IF{NSTEP.GT,10) GO TO 161
VTF1 = MACH#SOUND

VTIF = VTF}

GO YO 170

161 VTF 3 MACH#SOUND
174 VSF = VTF

INE2

VLOF = VSC#VYMCA

1vSC=0

1LOFsO

VTEaVLOF

VEKsVSF#F TOK

IF(VTF oGEVSF¥SQRT(1.+DGLOYY GO TO 25
1LOF=]

VTIFaVSF%SQRT {1 «+DGLO)}

25 VLOF=VTF

VLOKsVLOF #FTOK

DF TERMINE ANGLE OF ATTACK AT LIFTOFF,

190 VTFsVLOF

THRTL=®1400
{SP = O
IREY = O
COEF ® RCOEF
TIMS=0,0
YE=2040
ZFIOQO

Q = 0.0
1FRR=0D
1AT=0
1ALMXeO
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i INTEG=O

HE sHFRUN$CAHT -

GAMR=0,

ALFAR=WINCR

INDEX=S

OS®=RHOSH*VTF#VTF
£ MACH=VTF /SOUND :
% GN={,0 K
;?‘ GT=0,0 3
g CALL AFQKM ;
§ 200 ALFLO=ALFAR ;
g THETR®ALFAR«WINCR i
£ IF (ALFLO-WINCR) 90042034201 ]
A 201 IF(ALFARGLE.GALMXR) [SEG*1 3
4 IF tALFARGGTaGALMXR ) ISEG=2 :
3 GO TO 20 i
3 i
% ¢ ADJUST WLOF TO AVOID GROUND CONTACT s
£ ‘
! 210 IVSC = IVSC+l i
e IF(ILOFGT+0) GO TO 211 i
£ VSC] = VSC+FLOAT(IVSC)/100, 3
& VTFsVMCA#VSCL i
z WRITE (PRINT+910) ALFAD 3
3 WRITE(PRINT917) VSCI i
3 917 FORMAT(1H +9X+16HVLO [INCREASED TO«F7434¢2Xe12HTIMES VMCAIR) i
1 LINE = LINE+3 ¢
: GO TO 25 )
F 211 VTF=VSF*(SORT (14+DGLOI+FLOAT(IVSC)/100e) :
¥ VSC1aVTF/VSF i
B WRITE(PRINT910) ALFAD K
& WRITE(PRINT1911) VSCI ;
14 911 FORMAT(IH +9Xs16HVLO INCREASED TOFTFe3¢2Xe12HTIMES VSTALL) :
£ LINE = LINE+3 i
b GO TO 25 :
£ p
& 3
% ¢ DFTERMINE R/C AVAILABLE AT LIFTOFF, %
8 ;
é 250 INDEX=3 ;
g ALFAR=WINCR 3
g OS®RHOS*VTF#VTF 3
z MACHsVTE /SOUND ;
8 CALL AEGFM i
£ THETR=ALFAR~WINCR+GAMR i
¥ 18€G=3 :
%{ o 10 20 ]
% o INTEGRATION FROM VLO TO VR ;
3 570 IF (INTEG) £90,5904580 :
% 580 SEG2%0.0 '
[ TIME220.0
§ VRE aVL.OF
: GO TO 660
i 590 HFeHFRUN+C4AHT
; CALL ATMOS
- RPHOSERHOZ24S1G4#S

TIMS20,40

XEw0,0

2F8040
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1ALMX=0
1AT=0
THETR=ALFLO=WINCR
XENOT=VLOF
ZEDOT=0,.0
INNEX =Y
INTe2
OsROTATN®#DTOR
DYIME=«0,2
1LOOP=]

600 VYFisaVTF
CALL GINTG
1SEG=4
GO TO 20

CONDITIONS AFTER VLO TO VR INTEGRATION

610 IF (ALFAR-WINCR) 62046504600
620 DT=={ALFAR=WINCR)/Q
ALFAR= WINCR
THETR = 0,00
VREeVTF4OTH#(VIF=VTF1)/0TIME
IFIVRF=V{F) 625.6404640
625 DVLOF = (ViF - VRF)
IF(DVLOF=e1) 6404¢640,630

EMPIRICAL FACTOR ADDED TO IMPROVE ESTIMATE OF OV NEEDED

630 VLOFsVLOF+ +73%(VIF =VRF)
G0 TO 190

640 XE=XE+(+S#(VIFHVRF)I=VWF)#DT
VTFsVRF
T IMSeTIMS+0T

650 SFG2m~XE
TIME2==TIMS

660 VTK2=VLOF#F TOK
IF(ABS{VTF=VIF)4LEa140) ISEG=27
IF(ABS(VTF=VIF)eGTeleC) ISEGES
INDEX=1
QS=RHOSHVTFAVTF
MACH=VTF/SOUND
CALL AEQFM
GO T0 20

INTEGRATION FROM VR TO VF

670 SFEGA=0,00
TIME3=0600
TIME820,00
INTet
OTIME'-O.Z
XEx0 o400
ZF=0,00
THETR=20,0
XENOT rVRF
ZENDT=0,400
1LOOP®]
VTFaVRF

675 VYF1sVTF
CALL GINYG
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1SEGs6
GO TO 20

CONDITIONS AFTER VR YO VF INTEGRATION

2

680 IF(VTF=VIF) 685,6904675

685 DT = DTIME#{(VIF=VIF)/(VTF=VTF1))
TIMS = TIMS«OT
XE ® XE={(VTF+VIF1#0,S=VWF)#DT
VTE=VIF

690 SEG3meXE )
TIME3==~TIMS i
V1isVIFRFTOK A ;
1SEG=7 ‘
INDEX =]
Q8sRHOS#VTF#VTF
MACHEVTF/SOUND b
CALL AFQFM K
GO TO 20 ;

i

.

gty & R

INTEGRATION FROM VF TO STOP

700 TIMS=C,l0
INTs1
SEGSE0,0 )
DTIME=Ce5S 4
TIMES=20,400 .
XFe0460
ZF=040
THETR=0,0
ZFNOT20,0
08040 3 %
XEDOT=VIF {
1LOOP®]

VTFaVIF

710 VYF1=aVTF
IF(TIMS+0 I #DTIMELGE«TIMR) THRTL=0,0
TF(TIMS+Co I HDTIMESL T TIMR+TIMBY GO TO 720
COFF=BCOEF
IRFy=}

NENG = 2
1ePs}

720 CALL GINTG

{8FG=8

GO YO 20

L i
e SH rrod w RO AT L

T

it e S

e
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o e BT S
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RO

CONDITIONS AFTER VF TO STOP INTEGRATION

Y P S SLIMRS SUPHE

730 1F(XEDOT=VWF)T3%8,74C, 710 3
735 DT & (VWF=XEDOT)/(VTF1~XEDOT ) #DTIME i
XF & XE+({CoB%(VWF+XEDOT)=VWF ) #DT ;
TIMS = TIMS=DT :
740 VTFaVWF )
1SFG=O

INPEX= |
OS=RHOSH#VTF#VTF
MACHaVTF/SOUND
SFGSaXE
TIMES=TIMS

CALL AEQFM i
GO TO 20 3

.
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b

50

765
915

798

916

800

810

820
a3o

MONIFY V1 TO BALANCE [SEGs3 + ISEG=2 WITH ISEG=5

IF (SEG24SEGILE+SEGB.ANDIBALEQ.O) GO TO 795
IF{ABS(SEG24SEGIA=SEGS)eLEs 2¢) GO TO 795
IF(LIBALGT+20) GO TO 795

IF(1BALGYe0) GO TO 755

VOLD=ViF

N1=SEG2+SEGT

DPeSEGS

VNEWsSVIF+10,

OC3sDL #(VLOF=VNEW)/ (VLOF=VOLD)

NauD24YNEW/VOLD

GO TO 760

DA=SEG24SEG3

DasSEGS

VNEWaViF

IBAL=IRAL+]

VIFaVOLD+( (D2=D1)#(VNEW-VOLD} /(D3+D2«D1~D4}))
V1 = VIF#FTOK

IF(IBALLEQel) GO TO 765

VOLDsVNEW

Oi=D3

O2P=Da

WRITE(PRINT«215) Vi

FORMAT(IHO 410X+ #FIELD NOT BALANCED#+SX+#NEW VI SPEED = #,F7424
1% KTSH)

6O YO 190

WRITE(PRINT«916) IBAL

FORMAT(1HO s OX o #FIELD BALANCED IN #+12¢% ITERATIONS®)

INTEGRATION FROM VsC TO VF

DTIMEs{ 0
INDEX»]

HF s HFRUNSCAHT
CALL ATMOS
PHOSsRHOZ24#431G#S
TIMER0,0
XFu0,0

ZFz040
THFTR=0,40
THRTLE®] 4 0C
ENGNO ® ENGNO+Y,
NENGe(

COEF = RCOQEF
1sPad

{RFrVe0
XFNOTeVWF
ZFN0T=0,0

[e] 1o 1]

1LOOPe
VYIFiaVTF

CALL GINTYG
1&rGet0

GO TO 20

CONDITIONS AFTER V=( YO VF [NTEGRATION

IFIVTF=VIF) 810,8404820
OTewDTIMEM(VIF=VIF)/(VTF~VTIF])

1-39
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XEsXE+( (VTF+VIF)#.5=VWF)#DT
TIMSsTIMS+0T
VIraViF

840 SEG1=XE
TIMEI=T IMS
VT sV]FeFTOK
1SFPGult
INDEXs ]
QSsRHOS#VTFRVTH
MACHSVTF/SOUND
CALL AEQFM
GO TO 20

OUTPUT SECTION FOR DEFAULT NOTES

900 ALFLO s ALFLO # RTOD
WRITE (PRINT«910) ALFLO

910 FORMAT(1HO¢IX o BAIRPLANE LIFTS OFF AT ALPHA s#F7,3.% DEG#®)
RFTURN

OUTPUT SLIMMARY OF TAKEOFF

980 GNISTasFGl+SEG24SEG3
GYIMEsTIMEI+TIMF24TIMED
ADIST#SEG1 +SEGS
ATIMEaT IME+TIMES
VLOK=YLOF#F TOK
VRKsVRF #F TOK
VIiKsVIF#FTOX
WRITE(PRINT ¢955) VIK+VRK ¢ VLOK ¢ VSK
988 FORMAT(IHOs1UXJRENGINE FAILURE SPEED m#4F7,2¢% KTS#4/411X+#ROTAT]IO
IN SPEED m#4F7,2¢% KTSH /s 1IXRLIFTOFF SPEED S#.FTa2¢® KTSHe/ /011X ¥
2STALL SPEED =#,F742:% XTS (WITH ONE ENGINE OUT)#}
WRITE(PRINT 1958) GDIST«GTIME
986 FORMAT(IHC ¢ 10X ¢#VED TO LIFTOFF#4/3f IXe#DISTANCE S#4FT742¢% FT#410X
1#TIME s#.F7,2¢% SECH)
WRITE(PRINTY «957) ADISTATIMFE
987 FORMAT{ 1 HO 10X +RABORTED TAKEOFF® 4/ ¢l IXs8DISTANCE m84FT742¢% FT#4]10X
1e8TIME =8.,FT722¢# SECH)
RETURN

END
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SUBROUTINE THST])

6400 FORTRAN SUBROUTINE TO CALCULATE THRUST AS A FUNCTION OF

TRUE AIRSPEED IN KNOTS

NOTEsee THIS PROGRAM USES THE COMMON L1ST ELEMENT «THMOMe« (LJSTQ) A4S THE
GROSS THRUST FROM THE BLOWING SLOT

INTEGER CARD«PRINT PAGE
REAL LIFToMACH KTOF «NMTOF 4 1YY

COMMON ZLISTI/ZLINE+PAGE L IMIToCARDPRINT 4 INP o JPUNCH e IDATEAHD(60)
COMMON /L 1ST2/DELTD+ALFAR s THRTL ¢ GAMRIHIND ¢+ VTF «WToHF sDT ¢« TIMS o XF ¢ &
# FUEL «MACH«VWF ¢ LIFTsDORAGe THRST«RCF2ENGNO s THV ¢ {N A
COMMON /L 1ST3/CLCOsS1QSeTHIRVALTHR¢CLMAX s ARICLARICMACGeALPHD¢CX g
# CZ:Qos IMOMeWINCRCMDMP 4GSCIALMXR ¢ VSF ¢ BW

COMMON /L ISTA/FES+JPOWsTOROS s DWA « THMOM S THREQ

COMMON /LI1STS/ S1G¢SOUNDINUTEMR ¢+PAMB ¢ [ATM,, TEMF yDSODMH ¢« DRHO

COMMON /L ISTOS/RTOD«DTOR KTOF ¢ FTOKyNMTOF + FTONM ¢RHOZ ¢RHOZ24¢GZ P22 T2
COMMON/LGEOM/SHSWsSCRIQDOT ¢RTHDTHTHIRWAJDTHWA«DSTHZ OWLHZ ¢ 1YY

1 XCGeZCGICBARPENSINTYHCOSTHIANGLE ¢ SINAL ¢COSAL ¢RHZ ¢DTHHZ «VTSQo

2 UNOT«WDOTTHETR U W

COMMON/CONTROL/ZJUF1G s IREV s I SP ¢ NENG

DN

S

DIMENSION VKS(20) « THST(20) ¢RORG(20) ¢ TIDLI20) ¢ TSLT(20)+TREV(20) ¢
H DWME (20)

DATA ENGNO+SCALE sNENG/Q 4V e14001/ E

DEFINITION OF VARIABLES IN NAMELIST *THT1?
N=- NUMBER OF X.¥Y POINTS IN EACH TABLE
VKS= THE VELOCITY TABLE FOR THE PROPULSION TABLES IN KTAS
(USED AS THE [INOEPENDENT VARIAPLE IN ALL TABLES)
TMeT=GROSS THRUST TABLE AT MAX POWER (IN LBSe)
PPRG-RAM DRAG TABLE AT MAX POWER (IN LBS.)
TINL~-GROSS THRUST TABPLE AT IDLE POWER (IN LBS.)
TSLT=-GROSS THRUST AT THE SLOT EXIT {(18F CONFIGS) AT MAX POWER (1.BS}
TREV-MAX REVERSE THRUST (EXPRESSED AS A NEGATIVE VALUE = IN LB8S.)
OWME=WINDMILL ING DRAG FOR A DEAD ENGINE (IN LESe!

THID=THRUST VECTOR INCIDENCE REFe TO A WATER LINE IN DEG,
ENGNO=THE NUMBER OF ENGINES
SCALE-SCALING FACTOR FOR THE PROPULSION DATA
NENG=O NO REVERSE THRUST
=]  ALL CNGINES REVERSING
82 ENGINE OUT REVERSING PROCEDURE

YL phadh B

THFE FOLLOWING VARJAALFS ARE ENTERED AT TIME OF LOADING AND ARE USED
UNTIL OVERRIDDEN BY READING THE APPROPRIAYTE VARIABLES IN THT!

ENGNO » 4,0

SCALE ®» 1.0

NENG = |

NAMEL IST/ZTHT I /N VKS ¢ THS T RDRG+ TIDL« TSLT A TREVe THID +ENGNO« SCALE «NENG
1 +DWME

IFCIN=1)1%4145

1 READ(CARD«THT )
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30

75

60

65

WRITE(PRINT+THTL)
THIRSTHID#DTOR

ENGeENGNO

RETURN

VTKsVTESFTOK

CALL FIND(NsVTXsDOWAIVKS RORG )
Cat.L PIND(NoVTKoTNRSYQVKSoTHST)
CaLL FINDINGVTI o WMD s VS o DWME )
IFIIREVeGTe04) GO TO 80

THMOM = 0,00

IF(UFIGLEL2) GO TO 10

CALL FINDINJVTKTHMOM,VKS 4 TSLT)
IF(THRTL+EQW140) GO TO 25

caLL FINDIN«VTK o THIDL o VKS+TIDL)
QAYIO-lYHIDLOTMRTLC(THRST-THIDL)}/THRST
THRST=THRSTARAT }O
OWASDWARRATIO
YHMOM.?HMOM.QAT!O

TGROS* THRSTRENGNO#SCALE
OWASDWARENGNO#SCALE
IPINENGoFG,42) DWASDWASWMDRSCALF
THMOM= THMOMSENGNO#SCALE

RETURN

CALL FINDINIVTK THREVVKS s TREV)
CALL FINDINoVIK«THIDL sVKS s TIDL )
IF(MENGJEQ.0)GO TQ &%
IFINENG.EQ.1)G0O TO 60

THRST THREVE(2,0%FLOATY CIFIX(ENGNO/2444000]) ) ) )+THIOL
TGROSs THRSTRSCALE

DWA=DWARSCALE #ENGNO
IF(NENG.EQs2) DWASDWALWMDSSCALE
THMOMe 0,40

OFTUIN
THQSTO?HQEVO(EMGNO-E-)#TH!DLQZ.
GO TO 78
DVA-ABS(DUADTH!DL/THRST)

THRS T TH]IDL, $ENGNO

GO T0 715

END

1-42




b
SUBROUTINE TRIM(NeAWV PV TIK) K &
c FORTRAN SUBROUTINE WHICH TRIMS N VALUES OF ACCELERATION(A) TO ZERO K %
c BY VARYING N INDEPENDENTY VARIABLES (V). K
[ 4 K
c PV s 1S A SET OF PERTURBATION INCREMENTS FUR (V) YO USE FOR K 3
¢ ESTABLISHING *DERIVATIVESS, K 7
¢ T IS A SET OF TOLERANCES TO THE VALUES OF (A3 WHICH MUST X &
c BE SATISIFIED, K :
c THIS SUBROUTINE CALLS SUBROUTINE SMLY2, K g
[ 3 . 3
DIMENSION AINY oVIN) ePVINI ¢ TEN) ¢D(&sT) oDV(S) K 3
FOUIVALENCE (DC1e1)eDVI1)) X g
]
IF IK) 10030460 x )
10 OO 20 =1 N K ;
IF (ABS(ACI))=T(1)) 20420430 X g
20 CONTINUE x i
KaNe§ x ;
RETURN x 3
40 K} K !
00 40 114N K
40 O(lel)n~A(]) x
- B0 V(X)=V(K)+PV(K) K
B RETURN .4 )
4 66 00 70 JeiN K :
3 70 Ot1eKs1)8(ACI)4D(T41)I/PVIK) x ;
? VIK)SVIK)=PVIK) x H
e B IF (K=N) 80,90+90 4 g
= B 80 Kakel ® ;
8 GO YO S0 x :
: § Q0 CALL SMLT2(M4D) ® ;
¥ DO 100 lsieN [ 1
o 100 V(I)eVI114DVEL) < .
B Ke0 K 3
£ nETUaN % £
_ E 2% [ :

Wi arie

S b ey, T SRR

il s B e o v

Cakt e
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APPENDIX I

PROGRAM AND SUBROUTINE FLOW CHARTS

The following flow charts are contained in this appendix.

Title

MILSTOL
MILSTOL
AEQFM
AERO1
ALIN
ATMOS
FIND

 GILL

GINTG
HEAD
INTP2
KABD
LAGRA
LANDING

-LOOK

NWRP2
SKiIpP

SL

SMLT2
TAKEOFF
THST1
TRIM

Description
Main Program
Overlay Dump Program
Equations of Motica Subroutine
Aerodynamic Data Subroutine
Linear Equation Function
Atmospheric Properties Subroutine
1-Dimensional Table Lookup Subroutine
Integration Subroutine
integration Driver Subroutine
Page Heading Subroutine
Curve Fitting Subroutine
Hyperbolic Curve Fit Solution Subroutine
Lagranian Interpolation Subroutine
Landing Trajectory Driver Subroutine
3-Dimensional Table Lookup Subroutive
Newton-Wrapson Interation Subroutize

Page Eject Subroutine

Lisgar Slope Yuucton

Simunitancous Equation Solution Subroutice
Takeoff Trajectory Driver Subroutine
Propuision Data Subsoutine

Alreraft Trimming Subroutine

_Page_
-1
1I-3
I-4
-8
11-190
11-11

iI-13
[I-14
I-15
n-17
I-18
I1-19

[i-20

It-21
-23
1137
1i-38
18-40
141
1-43
13-51
11-59
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